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ECOLOGY. OF THE GRASSLAND. II.’ 


HERBERT C. HANSON 
Department of Biology, The Catholic University of America, 
Washington, D. C. 
INTRODUCTION 


The first paper under this title was restricted largely to a dis- 
cussion of the characteristics of the composition (floristics and 
structure) of plant communities and methods of measuring them, 
and the present article will be similarly limited. In comparing the 
period since 1938 with earlier years it is noted that but few pro- 
cedures have been developed during the later period, and that 
greater attention has been given to the testing and comparison of 
methods which had been devised in the previous 30 years, and to 
the refinement of these methods. Since 1938 it has also been 
realized that more attention should be given to the various 
characteristics of community composition. This increased empha- 
sis on the study of a variety of characteristics and the careful 
selection of methods now used in acquiring data are due to refine- 
ments in the work of grassland ecologists and to the great ex- 
pansion of research by agronomists and others which followed 
recognition of the importance of grasslands, not only in grazing but 
also in controlling erosion and in maintaining and building soil 
fertility. Advances have been made also toward standardization. 
Studies by different investigators of certain characteristics by the 
same method have facilitated comparison of descriptions of com- 
munities, examples of which will be shown. Even though most 
ecologists might not agree upon nor accept any standardized set 
of characteristics or methods of measurement, an agreement which 
perhaps is not warranted by the present state of development of 
grassland ecology, many ecologists might be willing to include 
certain characteristics and methods as part of their investigation in 
order to make their data comparable to those collected by others. 
One of the purposes of this paper is to present, on the basis largely 


1 Supplement to article in The Botanical Review 4: 51-82. 1938. 
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of much of the research accomplished in grassland ecology in the 
decade since 1938, some of the advantages, with examples, of 
studying clearly specified community composition characteristics 
by certain methods, and to facilitate selection of characteristics and 
methods to use in particular investigations. 


CLASSIFICATION OF CHARACTERISTICS OF THE COMMUNITY 


The classification of the characteristics of the community which 
was presented in the earlier paper on this subject and which has 
proven useful in planning research and in analyzing publications 
in this field is repeated below with some slight modifications. It is 
based to a large extent upon the work of Rubel (227, 228), Braun- 
Blanquet (18), Salisbury (229) and Nichols (183) : 


I. Composition of the community (Gesellschaftsgefuge, Zusam- 
mensetzung), including floristics and structure (organi- 
zation) as well as the resulting physiognomy. 


A. Analytical characteristics. 


a. Qualitative characteristics. 

1. Kinds of species occurring in the community 
(floristic composition ). 
Stratification of organisms or their parts above 
and below the soil surface. 
Periodicity (phenology, aspectation ). 
Vitality (vigor of individuals of a_ species, 
Gedeihen ). 
Life-forms (including vegetation forms, growth 
forms, habitat forms). 
Sociability (gregariousness) and association of 
species. 


? 
a 


Quantitative characteristics. 


Number of individuals (abundance, population 
density ). 

Cover (area occupied, Deckungsgrad ), 

Height of plants. 

Weight of plants (yield, production). 

Volume occupied by organisms. 

Frequency. 
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B. Synthetic characteristics. 


1. Presence and constancy. 
2. Fidelity (Gesellschaftstreue ). 
3. Dominance. 


Environmental relations of communities. 
III, Geographic distribution of communities. 
IV. Plant succession and processes involved. 
V. Classification of communities. 


The above classification shows some changes in wording as 
compared to the 1938 classification in order to express the concept 
more clearly or to make it conform to the best current usage. 
“Habitat forms” has been included under “life forms” instead of 
placing it in a separate category. “Association of species” has 
been added to “sociability” in view of recent work that shows its 
importance. “Density” is omitted as a synthetic characteristic, al- 
though there are valid reasons for considering it in this class, but 
it is used under “number of individuals,”’ in conformance with the 
best current usage. Categories I] to V have not been subdivided 
because they are not treated in detail in this paper. A complete 
description of a community must necessarily deal with each of 
these characteristics, as well as with the first category. The charac- 
teristics under “composition of the community” will be discussed 
under “nature of the characteristic’, methods of studying each, 
particularly as to refinements or developments of new methods, 
relationships to other characteristics, values and importance of the 
data and conclusions. Sufficient references will be cited and ex- 
amples given to clarify concepts, to illustrate methods and to 
indicate the growth of this phase of grassland ecology. There is 
considerable justification for Conard’s (54) statement that “No 
method of examination and description of vegetation has been so 
productive and suggestive as that of the recent plant sociologists”. 


DELIMITATION OF THE COMMUNITY 


Two common approaches to ecology are the “habitat ecology” 
approach, in which the habitat is studied as an environment suit- 
able for certain organisms, and the “community ecology” approach, 
in which the association of organisms is emphasized (81). The 
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community approach has been considered from two viewpoints: 
one, as illustrated especially by Clements (42, 46, 47), in which 
emphasis is placed upon succession; the other, where the chief 
emphasis is placed upon composition, i.e., the kinds and relation- 
ships of the organisms within individual communities. These two 
are largely a matter of emphasis because neither viewpoint ex- 
cludes consideration of the other. Clements worked out a system 
of classification, based upon succession, from the smallest com- 
munities (clans, families, locies) to the six large associations 
comprising the grassland formation of North America. Stebler 
and Schroter (249), in analyzing the meadows of Switzerland, 
were early leaders in studying the composition of small com- 
munities. Conard (53) recognized 71 plant associations in the 
central part of Long Island. Ostvald (189), on the basis of 
floristic composition, classified 40 square miles of moorland into 
164 separate associations. These two viewpoints have been dis- 
cussed in a number of papers (54, 27, 29, 105, 35, 36, 38). The 
community approach may include animals as essential parts of the 
community so that the whole aggregation of plants and animals is 
regarded as a biome or complex organism (48, 36, 38, 39, 86, 
126); or plants and animals may be looked upon as forming 
distinct communities, or the plants as forming the community and 
the animals as being dependent upon them. 

Delimitation of plant communities is complicated by the great 
diversity of grasslands, both artificial and natural, such as short- 
grass plains, tussock prairies, mowed meadows, alpine grasslands, 
irrigated and other tame pastures, lawns and short-term leys. The 
natural grasslands are being modified at an accelerated rate by 
grazing, mowing, fertilizer treatments, spraying or dusting to 
eliminate undesirable species, by the seeding of introduced species 
(especially noteworthy is the widespread seeding of crested wheat- 
grass, Agropyron cristatum, and other species in western United 
States), by the seeding of selected strains of native species and by 
conservation methods to reduce run-off and erosion 

The concept, the terminology and the bases for delimitation of 
plant communities have received considerable attention during the 
past 20 years. Due to differences in the viewpoints of investiga- 
tors, to the different kinds of vegetation in which they have 
worked, and to differences in the objectives, requirements and 
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facilities of their investigations, a variety of results and general- 
izations about the communities has resulted. This may appear 
somewhat confusing, but actually the condition is healthy because 
in the end it is highly probable that the soundest procedures and 
concepts will prevail, provided that the state of flux continues until 
all contributory elements have been included before a hardening 
into rigid rules and fixed concepts takes place. 

Gleason (105) described three viewpoints regarding the nature 
of the plant association: a) the plant association is an organism, or 
a pseudo-organism, of individual plants and animals, held together 
by close bonds of interdependence and having properties and 
structural features similar to an individual organism; b) the plant 
association is not an organism but a series of separate units, 
variable in size but repeated in numerous examples, comparable to 
a species which is composed of variable individuals; the association 
is considered by some as a concrete entity merely divided into 
separate entities; by others as a mental concept, based on common 
characters of all of its separate parts and capable of typification 
by one or more of the pieces which most nearly approach the 
average or ideal condition; c) the individualistic concept, accord- 
ing to which the vegetation unit is a temporary and fluctuating 
phenomenon, dependent in its origin, its structure and its dis- 
appearance on the selective action of the environment and on the 
nature of the surrounding vegetation; it has no similarity to an 
organism and is scarcely comparable to a species; this individual- 
istic concept of the plant community was first presented by Gleason 
in 1917. 

Four features are fundamental, according to Gleason (105), in 
the delimitation of a plant community: a) homogeneity of struc- 
ture; b) area (which may be large) ; c) definite limits to the area 
occupied ; and d) duration in time. “The community is a complex 
or mosaic of slight irregularities, all of which blend into an entirety 
of apparent homogencity. ... A community is uniform, either in 
space or in time, only to a reasonable degree. This uniformity is 
sufficient to enable us to recognize the community and to accept 
it as a unit of vegetation, while its variability, although slight, is 
sufficient to indicate the impossibility of considering any such area 
of vegetation as a definitely organized unit”. In a community of 
reasonable extent the variation of precipitation, temperature, length 
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of day, and often of the soil, is small. The dominant plants, dis- 
tributed over the whole community, exert such a uniform effect on 
other species that differences in the physical environment are more 
or less smoothed out or obscured. 

Cain (29), agreeing in large part with Gleason's individualistic 
concept of the plant community, gave the following graphic and 
fundamental description: “the individual plant community has ob- 
jective reality . . . sharply delimited at its borders if the habitat 
changes strongly in a short space. But so far as the flora of the 
community is concerned, it is the result of the superposition of 
areas of the species. Each species of the stand will have its in- 
dividual and often quite different total area, and each has a more or 
less different ecological amplitude and modality. They live to- 
gether in the particular community because they chance to have 
overlapping areas and are biologically successful in the particular 
habitat. . . . it is sometimes useful in ecology to pigeon-hole stands 
in approximate type groups. But it must always be remembered 
that community types or associations are metaphysical approxi- 
mations in a field where there are unlimited variables, combinations 
and permutations. Between the individual stands at one end of the 
scale and the largest world formation types at the other (such as 
the broad-leaf summergreen forest), there can be few if any precise 
subdivisions”. 

The nature and distributional area of a vegetational type can 
not be based upon a single species, but must be based upon the 
entire plant population, the kinds of life-forms that are present 
and the structure of the community. “The limitation of each 
plant species requires independent investigation. The conditions 
which determine the location of the edge then become a composite 
expression of the ones found to be of greatest importance to the 
largest number of common plants. .... The edge of the desert is the 
approximate line of demarcation between the distributional areas of 
two sets of plants with different life requirements”. Delimitation 
of the desert from grassland in Arizona, New Mexico, Texas and 
Chihuahua is most difficult because the transition is very gradual, 
the most gradual of all the desert transitions (240). 

In addition to gradual transitions, delimitation of communities is 
difficult because of irregularities in the distributional limits of 
species, heterogeneity of soils, lack of topographic barriers, ete. 
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This complexity has led in places to the lumping of different kinds 
of small communities into a heterogeneous complex, which tends 
to obscure important differences and processes. Delimitation of 
these small communities produces almost a fragmentation of the 
vegetation, but in order to secure a full understanding of the 
vegetation, fragmentation is preferable to lumping, as demon- 
strated by studies on the solodized solonetz complex in western 
North Dakota (121), on pattern and process in patchy vegetation 
(275), on fairy-ring communities (237) and others. 

Delimitation of communities may be simplified by first dividing 
an area or region into geographic or natural areas because attention 
then becomes focused upon a definite and usually not too large an 
area. A natural area is “a geographic unit of any order of size 
with sufficient common characteristics of various sorts to be of 
some practical usefulness in biogeography” (29). The “term 
‘natural area’ . . . is less specific than “life zone” or “community” 
and is used in a broad sense to denote a region having characteris- 
tics of life, climate, terrain, etc., which in a general way differenti- 
ate it from other regions. But a natural area, whether a great 
region like the arctic tundra or a small unit like a river flood- 
plain, is difficult to define and not easily explained. .. . it is a 
complicated problem to correlate types of floras, fauna, climate, 
soil, physiography, and other environmental factors (107).” 
Several recent papers illustrate the use of natural areas in describ- 
ing vegetation (264, 177, 148, 149). 


ANALYTICAL CHARACTERISTICS 


Analytical characteristics, in contrast to synthetic characteristics, 
are those features or aspects of a community which can be observed 
or measured directly in each stand. They include kinds and num- 
bers of species, arrangement of species and individuals, vigor, form, 
numbers of individuals, height of plants, area, volume, growth rate, 
etc. Some of these characteristics can be measured more readily 
than others and are therefore classified as “quantitative”, while 
those which are usually described are “qualitative”. Synthetic 
characteristics denote aspects of vegetation which zre based upon 
analytical characteristics; they are derived characteristics and de- 
pend upon data obtained in the analysis of a number of stands. 
They tend to summarize and generalize some of the analytical 
characteristics. 
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QUALITATIVE 


KINDS OF SPECIES OCCURRING IN THE COMMUNITY (FLORISTIC 
COMPOSITION ). A list of species of an area is known as its “flora”, 
and the complete list of the species of a community is its first 
essential character (262) and a first step in its study. This in- 
volves collection and identification of plants, especially in com- 
munities new to the investigator. Often in regions where little 
ecological work has been done, as New Zealand (50), careful 
listing of species with accurate and comprehensive notes of obser- 
vations may be of greater value than more detailed records which 
would be restricted to a few localities. 

Lists of species in plant communities have considerable value 
for characterization and description because each species has a 
definite range of tolerance for different environmental conditions. 
Use of a single species may be valuable in delimiting and charac- 
terizing a vegetation type, such as the creosote bush (Larrea 
tridentata) in the desert in southwestern United States, or Agro- 
pyron smithii in some parts of the Great Plains, because these 
species have certain tolerance ranges for moisture, temperature, 
salinity, etc. When additional species are used, however, the 
plants become of greater value for delimitation and diagnostic 
purposes. For example, when Agropyron smithii and Distichlis 
stricta are found in one stand, and Agropyron and Bouteloua 
gracilis in another stand, it can be inferred that in all probability 
the former stand occurs on soil of greater salinity than the latter, 
and that these stands can best be differentiated on the basis of the 
occurrence of Distichlis and Bouteloua. Species of broad toler- 
ances in western North Dakota, according to the analysis by 
Hanson and Whitman (122), are Bouteloua gracilis, Agropyron 
smithi, Stipa comata, Carex filifolia, Koeleria cristata, Muhlen- 
bergia cuspidata, Aster multiflorus, Artemisia frigida, Cheno- 
podium leptophyllum, Phlox hoodii, Draba nemorosa, Gaura 
coccinea and Lactuca pulchella. Species of narrow tolerance or of 
low ecological amplitude are Stipa spartea, Andropogon furcatus, 
Bouteloua curtipendula, Sporobolus heterolepis, Distichlis stricta, 
Puccinnellia airoides, Cerastium arvense, Artemisia cana, Sym- 
phoriwarpos occidentalis and Campanula rotundifolia. The species 
in the first group occur in a number of different types, the latter in 
only one or very few types. 
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In many grassland studies only the more abundant, dominant, 
or what are considered the more important species have been 
listed or given much attention. Often a number of the less abun- 
dant species are lumped under “annual grasses”, “annual forbs”, 
“other woody species”, etc., even though the plants in a group may 
constitute in the aggregate a considerable proportion of the vegeta- 
tion. Reasons for doing this are that changes in the composition 
are so rapid and pronounced that accurate and complete deter- 
minations of the species are not justified, that the time spent in 
making such determinations can be better spent in studying the 
causes of the changes, and not only that the details are unimpor- 
tant but that attention to them may obscure facts and principles 
regarding the vegetation as a unit. Undoubtedly omission of 
minor species may be justified and desirable in some grassland 
studies, but it must be kept clear that by such omissions some im- 
portant facts may not be revealed and that the studies can not be 
considered floristically complete. It is essential scientifically, and 
safer practically, to include all species because some plants which 
appear insignificant at the time of the investigation may have value 
in indicating conditions which obtained in the past but do not exist 
at the present time, or in indicating future trends. Even though a 
complete list of plants may not be of any particular value for a 
specific investigation, the list should be published in detail so that 
it will be available for other studies in the same or other areas. 

Cain (29) pointed out the emphatic statement of Flahault and 
Schroter that “all species should be considered in the characteri- 
zation of the association, .. . and that no investigator has the right 
to prejudge the significance of certain species. The most numer- 
ous, the tallest, the most ‘peculiar’ may not be the most impor- 
tant’. Shreve (240) stressed the importance of including all 
species in determining the nature and the distributional area of a 
type of vegetation. In Iowa somewhat rare species of high fidelity 
were the first to disappear when the prairie was disturbed, and 
apparently the most difficult to reestablish (4). “These exclusive 
plants may well be regarded as the indicators of highly developed 
prairie; an assemblage of the typical prairie grasses might be 
considered prairie, but a truly fine prairie includes these exclusive 
species”. From 1936 to 1946 on the prairie reserve at the Iowa 
Lakeside Laboratory only three species, Bouteloua hirsuta, B. 
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gracilis and Artemisia caudata, had disappeared from the study 
area, the first two having been greatly damaged by the 1936 
drought and replaced by annuals, such as Festuca octoflora. The 
point is that if only the dominant or the most numerous species are 
considered significant, effects of the environmental influences might 
be missed. Drew (76) made very complete lists of species as well 
as quantitative analysis of “domesticated” prairie (native prairie 
influenced by man-controlled processes) and relics of native prairie 
in north-central Missouri. He found that 34 of the 152 species 
occurring in the domesticated prairie were not in the prairie relics, 
and that 35 of the 153 species in the prairie relics were not in the 
domesticated prairie. This study emphasizes the need for includ- 
ing all species growing in a stand in order that the earliest effects 
and later changes may be noted. 

In view of the large number of species reported on prairie relics 
by Drew, the numbers of eight to 24 species per relic prairie area 
in central Wisconsin, as described by Thomson (265), seem low, 
but the latter did not use quantitative methods. (uadrats, tran- 
sects or other kinds of quantitative sampling are indispensable in 
securing a complete listing of all plants occurring on an area be- 
cause they compel the investigator to focus his attention and thus 
note individuals which because of their scarcity or small size might 
otherwise be overlooked. Many have used definitely circumscribed 
study areas for listing species, estimating cover, etc., but some 
have failed to give complete lists (267, 78, 79, 53, 253). Canfield 
(34) stated that the minor species of grasses in the southwestern 
grasslands, of which the plants of individual species make up less 
than one per cent of the stand, are important because in the ag- 
gregate they represent ten per cent of the total grass cover on 
conservatively grazed ranges. It is significant that the more com- 
pletely the range has recovered from deterioration, the easier it is 
to find plants of these less common species. It is therefore im- 
portant to look closely for and to record these species individually 
because the absence of some of them denotes one of the critical 
points in the deterioration of the mesa range type. Another 
practical value of listing all species is that on a mixed grass type it 
appears that under good management the number of species will 
be greater than under poor management. On abandoned plowed 
lands in Colorado quadrats were found helpful in finding plants of 
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perennial grasses among the weeds in the early stages of succession 
(58). Close observation is necessary during the first year after 
reseeding grasses in western Kansas to determine which species 
are present (56). 

Considerable uniformity in the number of species per stand 
occurs in the same type of vegetation in western North Dakota 
(122); for example, in four stands of the Calamovilfa type there 
were 35 to 42 species, while in the same number of stands in the 
Agropyron-Bouteloua-Carex type there were 20 to 29. Xerophytic 
grasslands at various elevations in Colorado were effectively com- 
pared by means of species lists (210); 160 species were found in 
the dry grassland at 5300 ft. at the mountain front, 139 at 7500 ft. 
in the lower foothills, 130 at about 8400 ft. in the upper foothills, 
107 around 8900 ft. in the montane zone, and 50 at 11,000 ft. in the 
subalpine region. On an area ¥% of a mile square, of grazed range 
at 5100 ft. at the mountain front, about 50 miles north of this 
5300-foot location, 112 species were found (120). In the Andro- 
pogon scoparius grassland on the Hempstead Plains on Long 
Island, N. Y., 71 species were recorded (30), while in western 
North Dakota, where this type is restricted usually to north-facing 
slopes, 50 was the average per stand (122). If the woody species 
had been omitted from the Hempstead Plains study, the number 
would have been 53. This older community was richer in species 
than the one on High Hill, also on Long Island (53). 

The “relict method” (44) is based very largely upon the listing 
of species in many different areas over a long period of years. 
Repeated study of the composition of communities over wide areas 
led to conclusions such as the following: “The first intimation that 
the short-grass plains were not a climax in the climatic sense was 
obtained during the summer of 1915; this was a season of exces- 
sive rainfall coinciding with the lowest sunspot minimum for a 
century. The mid-grasses appeared abundantly in the cover of 
short-grass and in many places obscured the latter more or less 
completely. Since these were all perennials, it was obvious that 
they could not be regarded as recent invaders but must have been 
present in the community in less conspicuous form. This led to a 
search for protected areas in which they retained much of their 
normal importance and resulted in finding such relicts in a wide 
variety of situations. The protection afforded against grazing by 
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fences usually supplied the most striking examples, as in the case of 
trackways, reserves and cemeteries especially, but sandy soil and 
rocky slopes regularly yielded mid-grass dominants’’. 

Often in pasture experiments it is desirable for botanists, ag- 
ronomists and livestock specialists to cooperate, so that different 
phases will be most effectively handled (297). When this is done 
there should be less likelihood that inadequate attention will be 
given to the botanical composition, as occurred in a study of 
pasture plants in the southeastern sandhill region in the U. 5. in 
which chemical analyses were made of ash, protein, etc., as well as 
yields of digestible nutrients, but “no attempt was made to obtain 
definite information on the botanical composition or changes in the 
distribution of plants during the experiments” (92). 

The need for detailed knowledge of the vegetation in order to 
evaluate range lands is shown clearly by Talbot (261) in a study 
of indicators of southwestern range conditions. Species of native 
plants that are insignificant on ranges which have been maintained 
in good condition should be closely watched because any increase 
in their numbers may indicate the beginning of deterioration. On 
poorly handled areas they may become numerous and even 
dominant. These species may be inferior annual grasses, such as 
mat grama (Bouteloua simplex), sixweek's dropseed (Sporobolus 
microspermus) and false buffalo grass (Munroa squarrosa); or 
they may be inferior perennial grasses, such as the three-awns, 
(Aristida spp.), burro-grass (Scleropogon brevifolivs), “affgrass 
(Triodia pulchella) and ring muhlenbergia (Muhlenbergia 
torreyi), and also some shrubs and forbs, as rabbitbrush (Chryso- 
thamnus), groundsel (Senecio), Russian thistle (Salsola pestifer), 
prickly poppy (Argemone), burroweed (Aplopappus fruticosus) 
and pingue (ctinea richardsoni). In North Dakota, as shown 
by permanent quadrats, Poa secunda and Poa canbyi were dis- 
tinctly minor in the vegetation in the western part of the State 
previous to the 1934 and 1936 droughts, but they increased after 
the droughts so that they ranked in abundance with one of the 
dominants, Koeleria cristata (299). The annual forbs also in- 
creased in abundance following the droughts. The recording of 
kinds of species with data on abundance, cover, etc., from per- 
manent study areas over an indefinite period of time is essential in 
securing such information, and no detail about the plants is too 
unimportant to be omitted. 
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Additional examples showing the value of listing all species in a 
stand are given in the first paper on this subject (115). 


STRATIFICATION OF ORGANISMS OR THEIR PARTS ABOVE AND BE- 
LOW THE SOIL SURFACE. Stratification is the occurrence of organ- 
isms or their parts at more or less definite levels. It is usually 
applied to the above-ground parts of plants, but it is also charac- 
teristic of underground parts, both roots and rhizomes. Strati- 
fication of plants is due largely to the variations exhibited by plants 
of different species in their life-forms and their ranges of tolerance 
to decreased light intensity, to soil acidity, salinity, excessive or 
deficient soil moisture, etc. The environments of different strata 
differ with respect to most factors, and this will affect the kinds 
and numbers of species in each stratum. 

Stratification has been described in many papers on grasslands, 
particularly of above-ground parts, in which two or more layers 
frequently occur. In recent years increasing attention has been 
paid to the characteristic of stratification in connection with various 
types of problems. In irrigated pastures in Colorado, for example, 
orchard grass may be so abundant, due to heavy rate of seeding, 
that the lower layer of Kentucky bluegrass and white clover may 
be almost entirely suppressed (110). When grasses become more 
prostrate and closely packed to the ground, the denser and nearer 
to the surface do the root systems develop (10), so it appears that 
the “root habit is a reflection of the habit of the aerial parts” of 
grasses. Orchard grass is especially subject in Great Britain to 
this “pot-bound” or root-bound condition. Unquestionably graz- 
ing has considerable influence upon the stratification of plants. 
Grazing and mowing, by removing the taller growing species, give 
opportunity for plants in the lower strata to increase in abundance. 
In ungrazed prairie relics in Missouri Antennaria neglecta and 
Viola sagittata comprised 1.4% and 0.4%, respectively, while in 
the grazed or mowed prairie they made up 9.3% and 3.1% of the 
abundance (76). Other species also more abundant in the latter 
were Trifolium pratense, T. repens and Oxalis stricta, mostly com- 
ponents of the lowermost stratum. In Iowa and other parts of the 
prairie Poa pratensis is often the chief constituent of the lowest 
layer (4). 

Bromus tectorum has received much attention in recent years be- 
cause of its increased abundance over wide areas of the grasslands 
in the western States It also forms an understory with other 
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grasses and forbs in association with Artemisia tridentata. The 
sagebrush exerts a suppressing influence on all of the plants in the 
stand when its crowns cover 40% of the ground (222). 

Increasing research is being given to root systems and their 
stratification since the basic studies of Weaver (278, 279). In 
much of his work the trench-pick rnethod was used (276, 278-281). 
Pavlychenko (192, 193) excavated large blocks of soil and then 
painstakingly washed away the soil from the roots, and others have 
added refinements (259, 263) or modifications (242, 101). 

The earlier work on root systems was concerned largely with 
descriptions of the root systems, including layering, of various 
species, while in recent work layering is used more or less as a tool 
to explain vegetational processes and as an aid in solving prob- 
lems. In spite of its shallow root system, Bromus tectorum has 
been able to invade and compete successfully with shrubs and 
deep-rooted perennial grasses. In Utah, for example, its roots 
penetrate to only about six inches, while those of the perennials 
Agropyron inerme and Helianthella uniflora reach four and five 
feet, respectively (123). 

Grazing and mowing, especially when excessive, have pro- 
nounced effects upon root systems. In an overgrazed low prairie 
near Lincoln, Nebr., the roots of Buchloé dactyloides were con- 
centrated for the most part in the upper two feet, although a few 
penetrated to nearly seven feet, while those of the intermixed 
Agropyron smithu were distributed more uniformly to a depth of 
about eight feet. Under protection from grazing Agropyron re- 
placed Buchloé almost entirely, due at least in part to the advan- 
tage of having the deeper roots during dry periods (49). On 
heavily grazed range in Utah the average root depth of Agropyron 
inerime was 44. 2 cm., on protected range 65.2 cm. (255). 

Layering of root systems may be caused by variations in the salt 
concentration at different depths in the soil. In the vicinity of 
Milford, Utah (251), roots with large branches of Bouteloua 
gracilis, Hilaria jamesti, Orysopsis hymenioides and Sporobolus 
cryptandrus were located entirely in the upper 30 to 45 cm. where 
the salt content was less than 1000 p.p.m.; some of the larger 
roots of Atriplex confertifolia, Chrysothamnus stenophyllus and 
Eurotia lanata extended to depths of 40 to about 65 cm. where 
the salt content was over 1000 p.p.m.; while roots of Artemisia 
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tridentata and Grayia spinosa reached 80 to 90 cm. where the soils 
were more porous and had less salt. 

The roots of six species of pasture and turf grasses in New 
Jersey declined in abundance very rapidly from the first to the 
sixth inch (242). Application of fertilizer on the surface, also in 
New Jersey, caused an increase in the roots near the surface, and a 
decrease below two inches. This concentration of roots near the 
surface was considered important in erosion control (125). Ina 
silt-loarn soil underlaid by sandstone at a depth of 16 to 18 inches 
at Morgantown, West Virginia, the weights of roots of five species 
of grasses were greatest in the upper three inches, decreased 
rapidly in the next three inches, and progressively below that. In 
the upper three inches the roots of deer’s tongue (Panicum 
clandestinum) exceeded in weight the combined weight of the 
other four species, namely Bromus inermis, Dactylis glomerata, 
Poa pratensis and Phleum pratense. At depths, however, of nine 
to 12 inches and at 12 to 18 inches the roots of Bromus weighed 
most, followed by Dactylis and then Panicum. Deer's tongue, 
sometimes considered a weed, may be of considerable importance 
in erosion control because of this concentration of roots near the 
surface and in the reclamation of acid-eroded soils which are not 
capable of supporting satisfactory stands of other species. Deer's 
tongue has been found to tolerate a pH value as low as 3.5 in the 
soil surrounding its living roots (101). 

The influence of grassland upon the physical and chemical 
properties of soils is receiving more quantitative study than a dec- 
ade ago, especially in relation to improvement of soil fertility and 
control of erosion. In a silty clay loam soil near Lincoln, Nebraska, 
blue grama grass, buffalo grass, brome grass, switch grass, Ken- 
tucky bluegrass and orchard grass were found more effective in a 
seven-year period of maintaining a high content of organic matter 
than side-oats grama, big bluestem, a weedy cover of mostly annual 
weeds or a cultivated field (166, 167). Considerable difference 
was noted among species in their effectiveness in stabilizing soil 
aggregates during this period and in the persistence of the aggre- 
gates during a two-year period of cropping to small grain after 
plowing up the seven-year-old sods. In the zero to three-inch 
layer of soil the buffalo grass plot showed a markedly smaller de- 
crease in the percentage of water-stable aggregates greater than 
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0.25 mm. than that in the plots of other species. The decline was 
from 34.1% to 22.5% during the two years of cultivation. The 
initial content of the aggregates was not so high in the buffalo 
grass soil as in that of other plots, but after the two years it was 
the highest. The reductions in other plots were from 52.4% to 
23% in side-oats grama, 40.1 to 20.5 in switch grass, 43.9 to 21.5 
in orchard grass, 43.2 to 20 in big bluestem, 45.3 to 19 in brome 
grass, 45.7 to 18.5 in Kentucky bluegrass, 48.6 to 18 in blue grama, 
38 to 2 in the weedy plot. The ability of grasses to stabilize soil 
aggregates is evidently related to the type of root development of 
different species, and the persistence of the aggregates to the 
chemical effects of their decomposition products. Much additional 
work is needed to learn about the specific effects of various species 
and about application of the data to soil improvement 


PERIODICITY (PHENOLOGY, ASPECTATION). By “periodicity” is 
meant the occurrence at various seasons of the year of plant 
processes, such as photosynthesis, growth, pollination, blooming 
and ripening of fruits and seeds, and the manifestations of these 
processes as leaf formation, shoot elongation, appearance of flowers 
and dissemination of seeds. These processes and manifestations 
appear regularly as a rule during definite periods of the year and 
are essential features of the life cycle of individuals, so there is a 
certain periodicity in their occurrence. This periodicity is due to 
the inherent genetic and physiologic characteristics of the plants 
under the influence of the environmental factors in which the plants 
are growing. The term “periodicity” refers more to the funda- 
mental recurrence of these processes and their manifestations, while 
“phenology” refers more to the appearance of the manifestations 
at certain seasons of the year. The aspectation of a community 
is due to the inherent characteristics of the plants of the individual 
species, and the resulting appearance of the community is due to 


the manifestations of many individuals in one or more species, 


acting as individuals, growing together in a stand, and is not due 
to any response of the community as a whole. 

Greater precision marks the use of this characteristic in recent 
years. In determining the time when a range type is ready to be 
grazed (“range readiness”), much use has been made of certain 
stages of growth of the most important forage plants (231, 258). 
In a detailed study (60) of plant development in relation to graz- 
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ing in the Wasatch Mountains, Utah, dates of the following stages 
were obtained: grasses—snow disappearance, herbage height at 
six inches, flower stalks evident, heads beginning to show, flowers 
in bloom, seeds ripe, seeds disseminated ; forbs—disappearance of 
snow, flower buds evident, full bloom, seeds ripe, seeds dis- 
seminated, plants dried up; browse species—<dlisappearance of 
snow, flower buds bursting, leaf buds bursting, full leaf, full bloom, 
fruits ripe, all leaves and fruits dropped. It was noted that each 
species has its specific rate of growth and development, and that 
each developmental stage of each species has its own rate of de- 
velopment. The earlier growth stages developed more rapidly 
than the later ones, and the rate of development was delayed ten 
to 14 days for each increase of 1,000 feet in elevation. Although 
growth is more rapid after it starts at the higher elevations, a 
longer period is needed to reach the seeds-ripe stage. Inception 
of active growth of grasses in the spring varied as much as 45 
days, and the date when the key grasses reached a height of six to 
eight inches (range readiness) varied up to 47 days in different 
years. In this study a method was also worked out for forecasting 
the dates of various stages from the date of snow melting. 

Bluebunch wheatgrass in southern Idaho over a period of ten 
years varied in the date of inception of growth in the spring from 
March 20 to April 24, in herbage height of six inches from April 
26 to June 1, in seeds formed May 12 to July 10 (61). In some 
species, such as mountain brome, slender wheatgrass, sticky 
geranium and niggerhead in the Wasatch Mountains in Utah, 
herbage growth begins early in the spring under the snow, and 
root growth immediately after the winter snow disappears (163). 
Secondary herbage growth occurred in the autumn when the 
foliage formed in the spring was drying. Shoot buds formed in 
the crown at this time live through the winter under the snow and 
produce the early spring growth. Storage of carbohydrates was 
at a minimum during the periods of greatest growth, and at a 
maximum at completion of the secondary herbage growth. Growth 
early in the spring was dependent upon the carbohydrates stored 
in the autumn. 

A community is given a definite aspect at different seasons of 
the year by the vegetative growth, the blooming especially, and the 
fruiting of various species. Numerous descriptions of vegetation 
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include the course of seasonal development under the four chief 
aspects: prevernal, vernal, aestival and hiemal (hibernal) (120, 
289). The effect of burning mixed prairie vegetation in central 
Oklahoma was to delay the appearance of the prevernal aspect 
and to prolong the vernal, but there was little difference in the 
later aspects, as compared with the unburned vegetation (37). 
A number of forbs occurring in Illinois, Texas, Oklahoma, 
Nebraska, South Dakota, Minnesota and Manitoba have been 
classified into the four aspects (38). The changes occurring 
monthly in the Western Cross Timbers of north-central Texas 
have been described and the value of such phenological data stated 
thus: “Satisfactory results from pasture mowing, deferred grazing, 
rotation grazing, prescribed burning, reseeding, seed harvesting, 
diagnosis of causes for livestock gains and losses in weight, or 
deaths from plant poisoning all depend upon accurate knowledge 
of the stage of growth and composition of the vegetation on a range 
at a certain time” (79). 

In a recent analysis of the grasslands of southern British Colum- 
bia (267), a few characters including dates of first growth, bloom- 
ing period and ripe seed ‘stage, of some of the principal species 
were used. There were three phenological groups of species. 
The first group, in which were Agropyron spicatum and Stipa 
comata, started growth early in the spring, developed fairly rapidly 
and completed vegetative growth and often reproductive develop- 
ment before summer drought became severe. During the dry 
period they became more or less dormant, and growth was re- 
newed in the autumn if the rains were adequate. The second 
group, which included low perennial and annual species, ¢.g., Poa 
secunda, Bromus tectorum and Antennaria dimorpha, also started 
growth early, grew rapidly and were fully cured before arrival of 
the drought period, renewing growth in the autumn if moisture 
was ample. The third group, comprising desert shrubs, e.g., 
Artemisia tridentata and Chrysothamnus nauseosus, began growth 
a little later than the species in the first two groups and continued 
to grow throughout the entire frost-free season. These differences 
were related to their root development. The root system of Agro- 
pyron spicatum is extensive and penetrates to about four feet, the 
roots of the second group of plants rarely penetrate below one foot, 
and those of the shrubs penetrate deeply where moisture is avail- 
able throughout the growing season (276). 
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Early spring growth gives some species a great advantage in 
the competition for limited supplies of soil moisture, as noted in 
Poa spp., Agropyron spp. and Bromus tectorum, especially as 
compared with Bouteloua gracilis. Often the early and rapid 
growth of the misnamed “nurse” crops, such as winter rye or other 
cereals, exerts a pronounced suppressing effect on later and slower 
growing perennial pasture plants. Poa pratensis and Agropyron 
smithii, for example, had a great advantage in their early growth 
and maturation in competing with Andropogon spp. and other 
prairie species (68). 

The term “periodically saturated” is expressive in connection 
with the seasonal dominance of different species in the various 
aspects (18). This term also indicates the difficulty of invasion by 
new species into a community because it is already fully occupied, 
and many species already present in the community could not sur- 
vive unless their blooming and other activities came at different 
seasons. Detailed, continuous and systematic records of periodic- 
ity over a period of years are essential for a full understanding of 
a community; occasional, irregular observations are by no means 
sufficient. 


VITALITY (VIGOR OF INDIVIDUALS OF A SPECIES, GEDEIHEN). 
“Vitality” refers to the condition, or to the degree of vigor, of a 
plant. Acquaintance with the appearance of normal plants at 
various stages of growth is necessary in order to be able to ap- 
praise the degree of vigor. The presence of thrifty individuals 
may indicate that they are invading the stand, or it may mean 
that the conditions of the habitat are especially favorable, so they 
may become dominants. Species represented by weak plants, 
which may fail to reproduce, may be losing out in competition 
with others and are in the process of being replaced. If it is de- 
sirable to maintain the species in the community which is being 
mowed or grazed, some change of treatment may be called for. 
Recognition of the first signs of reduced vitality is most important 
in the management of grasslands because something can often be 
done to change the trend before it is too late. Species which are 
represented by few individuals in a stand merit special attention 
because they may indicate the end of a previous stage of succession, 
the early arrivals of a new stage, of changing conditions such as 
decreased or increased soil moisture, some kind of harmful graz- 
ing practise, etc. 
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A number of criteria may be used in determining the vitality of 
plants, ¢.g., a@) rate of growth renewal in the spring, or following 
grazing or mowing; }) rate and total amount of growth during 
the season, especially in height; c) quantity of foliage produced, 
including length and width of leaves, or area; d) color of leaves 
and stems; ¢) turgidity of leaves and stems; f) degree of damage 
by bacteria, fungi or insects; g) appearance of flower stalks at the 
usual season, and their number; A) extent of the root system, 
length and diameter of individual roots; 4) area of crowns or her- 
bage of tussock grasses and turf-formers ; 7) boundaries of bunches, 
mats or patches, sharply defined boundaries usually indicating 
thriftiness ; irregular ones may indicate declining vigor; k) num- 
ber of new stems, offshoots, rhizomes, etc., which are appearing ; 
1) increasing number of stems and leaves per unit area (density), 
probably denoting increasing vigor; m) extent of dead portions of 
bunches or mats; ) age of plants in the stand, vigor being good if 
young and old plants are both present ; but seedlings may be absent 
due to competition; 0) number and condition of flower stalks, 
flowers or fruits (287, 219). The most obvious sign of improve- 
ment of a meadow in poor condition in the mountains in eastern 
Oregon and Washington was the establishment of young thrifty 
perennials among the annual forbs and grasses (219). Improve- 
ment was also indicated by the increase in vigor of perennial forbs 
already in the stand, such as agoseris, dandelion, western yarrow, 
groundsel, cinquefoil and little-flower pentstemon. Some of the 
scattered newly established plants were mountain brome, oval-head 
sedge, prairie junegrass, Kentucky bluegrass, Nebraska sedge and 
Baltic rush. 

A common classification of the degree of vitality of species in 
the cornmunity is: a) species represented by well developed plants 
which regularly complete their life cycle; b) species with vigorous 
plants which increase in number but do not usually complete their 
life cycle; ¢) species with feeble plants but spreading, although 
never completing their life cycle; d) species represented by plants 
which occasionally germinate but are not increasing, as many 
ephemeral plants (18). In an Andropogon scoparius stand on 
Long Island 20 species were classified in class a, three species in 
class }, one species in class c, two species in class d, and two 
species not classified. The large number of species in class a was 
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interpreted to indicate that the dominance of Andropogon was not 
sO great as to prevent the flowering and seed-production of many 
other species. This example suggests that greater use could be 
made of this or a similar classification in analyzing communities 
(53). 

A number of grasses form more roots in proportion to tops at 
lower than at higher temperatures. This may be important in 
survival during dry periods, since the plants with the greater root 
systems would have the highest degree of vigor. It is well known 
that grasses with large amounts of stored carbohydrates recover 
more rapidly after severe and frequent grazing, or close clipping, 
than those low in carbohydrates. Sugars and fructosan are com- 
mon forms of carbohydrates which are stored in the roots and in 
the lower parts of the stems (94). Relatively high concentrations 
of sugars are required in the basal organs and newly developed 
shoots of mountain bromegrass in order that the vigor will be 
sufficient to enable the plants to survive the winters in Utah 
mountains (162). This is directly related to grazing practises; as 
maximum storage occurred in the autumn after the herbage growth 
had been completed and temperatures were declining, if the plants 
had been too closely grazed the vigor of the plants would be re- 
duced. Agropyron spicatum, which has been replaced to a great 
extent in northern Utah by Bromus tectorum and Artemisia 
tridentata, is most subject physiologically to damage by overgraz- 
ing during the month of May (256). 

Numerous experiments have been conducted which show that 
the maximum vigor in seedlings of grasses and legumes is secured 
when the seed is planted at 0.25 to 0.75 inch deep, depending 
upon moisture conditions in the surface soil (257, 248, 161, 204, 
160, 178, 84). Many of the weaker seedlings die as a result of 
competition with more vigorous plants, but under favorable con- 
ditions the lower degree of vigor may be overcome in a few 
months. The larger plants may be first beneficial and then harm- 
ful to the vigor of the seedlings, as in the prairie near Lincoln, 
Nebraska: “Seedlings present little foliage until new shoots of 
established vegetation are sufficiently enlarged to reduce greatly 
the light near the ground level. As a result they are unable to 
form adequate leaf surface for photosynthesis. Their roots are 
starved for carbohydrates and deprived of water by the more 
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efficient absorbing systems of mature, rapidly transpiring plants. 
Incapable of growing up into the light or of extending into the 
subsoil for water, seedlings usually lead a suppressed existence 
and perish in the first drought of summer”. Vigorous forbs in 
the second or third leaf stage showed a survival of 80 to 100% 
during the following winter (16). 

Many experiments have been conducted on the effect of the 
closeness and frequency of clipping or mowing upon the vigor of 
grassland species (150, 285, 290, 258). In general, the closer and 
the more frequently the clipping is done, the more do the plants 
lose in vigor. One example of recent work is given (127). In 
eastern Montana under a frequency of two weeks and a clipping 
height of three cm. above the surface, continued for four years, the 
height of vegetative stalks of Agropyron smithii was 24.9 cm., the 
number of stems per plot of 314 sq. cm. was 37, and the weight 
5.5 g.; as compared to height of 26.7 cm., 114 stems, and 16 g. 
when cut at the same height every four weeks. When clipped at 
eight cm. every two weeks the height was 30.0 cm., 123 stems, 
yield 20.0 g. The control clipped at three cm. at the end of each 
season, was 32.1 cm. tall, 189 stems, and 33.0 g. These results 
were sitnilar to those obtained in North Dakota (233) and in 
Wyoming (150). All of the treatments were too severe for main- 
tenance of the plants. The vigor of Bouteloua gracilis plants was 
also reduced after four years of clipping, as shown by the follow- 
ing measurements in the fifth year after clipping every two weeks 
at two cm.: height of seed stalks, 23.7 cm. (24.4, 26.6, 30.3); 
height of basal leaves, 11.2 em. (13.1, 15.4, 15.9) ; weight in grams 
per 100 sq. cm., 8.5 (10.5, 16.6, 27.1). The figures in parenthesis 
are, respectively, for clipping at two cm. every four weeks, clipping 
at four cm. every two weeks, and the control, clipped at two cm. 
at the end of the season. 

The ecological amplitude of a species, or its tolerance (106: 
332), the capacity to grow and reproduce within a certain range 
of environmental conditions, is a factor in vitality because as the 
limit of tolerance of a certain condition is being approached for a 
certain species, the individuals of that species will probably have 
reduced vitality, especially in comparison with individuals of 
species which are not near their limits of tolerance. Some species 
show greater tolerance of close mowing and grazing than other 
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species. Andropogon scoparius suffers more under drought than 
Agropyron smithii and Bouteloua gracilis. In the alkali part of an 
irrigated pasture the plants of Kentucky bluegrass would be in 
very poor condition, if they were able to survive at all, while those 
of Agropyron smithii would be thrifty due to the greater tolerance 
of the latter for alkali; in the non-alkali parts the Kentucky blue- 
grass might be more thrifty than the wheatgrass. A few species, 
e.g., Redfieldia flexuosa, are able to tolerate burial by one to several 
feet of inblowing sand. 

The vigor of grasses may be measured (287) by transplanting 
blocks of sod four to eight inches thick, before growth begins in 
the spring, into a greenhouse and observing their growth for four 
to six weeks. The soil is then washed away, the growth of both 
tops and roots measured and weighed. In one test of eight species 
of grass the dry weight of tops of weak plants was 32 to 84% less, 
and the roots 28 to 94% less than the respective weights of plants 
in fair to good vigor. In northern New Mexico (91) blue grama 
grass in full vigor had roots extending to a working depth of 1.5 
feet and maximum depth of 3.5 feet, while the plants in low vigor 
had a working depth of only six inches and maximum depth of 1.5 
feet. The maximum depth of greatly weakened plants was only 
0.5 to 0.75 foot, and the working depth one to two inches. 

Recent research is showing the relations between the genetic 
composition of species and strains and vitality. Five climatic 
ecotypes, for example, of Deschampsia caespitosa subspecies 
genuina, all of which were morphologically similar and could be 
differentiated only physiologically by experiment, were dis- 
tinguished on the basis of their reactions in vigor, including height 
of the tallest stems, number of flower stalks, diameter of the clump 
area, flower bearing, fruiting, earliness, survival, susceptibility to 
frost and to disease (152). The ecotypes, rather than the species, 
are the true indicators of the ecological conditions to which they 
are fitted. Usually it can be expected that an ecotype growing 
outside its natural environment will not be so vigorous as one 
within it; the southern strains of brome grass, for example, have 
been demonstrated to be more thrifty in Nebraska and Kansas than 
northern strains. Under a 13-hour photoperiod a strain of side- 
oats grama from near San Antonio, Texas, flowered rapidly and 
persistently, and the vegetative growth was rapid, while a strain 
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derived from Cannonball, North Dakota, flowered weakly, and the 
growth was very limited (187). This does not mean that the 
ecotype is restricted to the particular area in which it is native, 
because distant areas may have closely similar environmental con- 
ditions. Various parts of the Ukraine steppe are climatically 
analogous to sections of Nebraska and South Dakota, and other 
climatic analogues have been worked out (186, 116). Agricul- 
tural expansion in many areas will benefit by the introduction of 
plants from areas in countries having similar environmental con- 
ditions (“homoclimes”), as, for example, plant introductions for 
northern semi-tropical portions of Australia from South America 
(130). 

In many cases deviations in the number of chromosomes ad- 
versely affect the vigor, appearance and fertility of the plants, as 
in orchard grass. In some strains of perennial ryegrass, meadow 
fescue, white clover, red clover and alsike clover the plants with 
double the number of chromosomes differed from plants with the 
normal number in physiological reactions, morphological charac- 
ters and chemical composition. None was superior to the normal 
types (94). 

LIFE-FORMS INCLUDING VEGETATION-FORMS, GROWTH-FORMS, 
HABITAT-FORMS. The particular life-form of a species is due 
primarily to heredity, and it represents the adjustment of the 
vegetative portions of the plant body and its life history to the en- 
vironmental conditions. At times pronounced changes in con- 
ditions may cause a change in the life-form, as, for example, when 
Bromus catharticus, a four- to five-year perennial in South 
America, became an annual when introduced into the United States 
(292). Usually a community, except the simplest, contains several 
kinds of life-forms because different kinds are equally or suffi- 
ciently well adapted to live within the conditions of the habitat, 
and, furthermore, most communities offer a variety of local and 
microhabitats. For example, Agropyron smithii, a rhizome-grass 
with erect shoots six to twelve or more inches tall, grows in the 
same community in the Great Plains as Stipa comata, a taller 
perennial bunchgrass; Bouteloua gracilis, a rhizomatous mat- 
former ; Festuca octoflora, a small annual; and a variety of annual 
and perennial forbs. 


The term “synusia” has been used to designate a community of 
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species which belong to the same life-form group, as a tall shrub 
layer in a forest, or an aggregation of crustose lichens (18, 27). 
The term “union” refers to an elementary unit of homogeneous 
vegetation in which most of the species belong to the same life- 
form and usually occur in a single layer. Two unions may occur 
in the same layer, as in the Russian steppe where one union con- 
sists of perennial tufted grasses, such as Stipa spp., Festuca sulcate 
and Koeleria cristata, and another union consists of therophytes, 
such as Eragrostis poaeides and Setaria viridis (156). 

Raunkiaer’s biological spectrum is valuable in expressing differ- 
ences and similarities among communities. Usually grasslands are 
rich in hemicryptophytes, as, for example, in an Agrostidetum in 
So. Cévennes where 81% of the species were in this class and in 
a Trisetetum where there were 89% (18), but only 8% and 2%, 
respectively, of therophytes. A grassland community near Bom- 
bay, India, dominated by Themeda triandra and Pseudenthistiria 
heteroclita, differed greatly from these, as most of the 84 species 
present were therophytes (13). Instead of using species lists as a 
basis for biological spectra, the sum of the frequencies of various 
species representing a certain life-form may be used (23). Ina 
total of 100 quadrats in ten stands in hardwood forests in 
Minnesota, Carex pennsylvanica occurred in 94, and since it is a 
cryptophyte it contributed 94 frequency points; while Clintonia 
borealis, occurring in only three quadrats contributed only three 
points to the total frequency of cryptophytes. According to this 
method it was concluded that the Minnesota forests show the in- 
fluence of the drier more continental climate, as compared with the 
mixed mesophytic forests of the southern Appalachians. 

Iverson (133) proposed an interesting classification of habitat- 
forms which was based on a large amount of field work in Den- 
mark and Greenland, especially in grasslands, and upon ideas 
contained in other systems, particularly Raunkiaer’s, as well as 
upon developments in plant physiology (170, 171). Iverson 
stated that Russian investigators have used similar systems (138, 
212). Iverson’s system is useful in showing differences between 
and in classifying grasslands. It was based largely on the re- 
lationship of plants to water. “Each plant species possesses an 
‘ecological individuality’ (212) and can therefore serve as an in- 
dicator of definite ecological conditions. Juncus-gerardi-rich 
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meadows furnish an example. In strongly saline places the com- 
panion species of Juncus gerardi are well developed halophytes as 
Salicornia. Where the salt content is weaker Agrostis stolonifera 
and other species appear. Where the salt content is very low a 
mixture of Triglochin palustris, Heleocharis uniglumis, Trifolium 
fragiferum and Carex glauca is present. These accompanying 
plants are so-called botanical indicators of the amount of salt con- 
centration ; at the same time, for example, Triglochin palustris in- 
dicates much moisture, but Carex glauca little moisture. If the 
indicator value of the various meadow plants is known for these 
meadows then one has a means to delimit and to classify the 
different meadow types on an ecological basis’’. 

Iverson’s classification has four main divisions: land plants, 
swamp plants, amphibious plants, water plants. Land plants are 
divided into five classes: (4A) seasonal xerophytes, as Sedum, 
which have shallow root systems and tolerance to endure long 
periods without absorbing water; (/) euxerophytes, with well 
developed root systems similar to the tops and quickly suffering 
wilting when water absorption ceases, comprising four sub-classes : 
(a) succulents, as Eryngium maritimum; (b) scleromorphs, as 
Psamma crenaria; (c) plants with leaves and stems covered with 
a felt-like layer of hair, as Artemisia spp., and (d) mesomorphs 
which are transitional between the euxerophytes and the meso- 
phytes, as Lathyrus maritimus; (C) hemixerophytes, with a 
weaker root system and quickly wilting when water absorption 
ceases; similar subdivisions can be made as in the euxerophytes; 
(D) mesophytes, with weak root systems, wilting when water ab- 
sorption ceases, and mesophytic shoots, wilting partly with loss of 
turgor, as Avena elatior; (E) hygrophytes, similar to class four 
but wilting completely on loss of turgor, as Caltha palustris. 
Swamp plants, characterized by well developed aeration tissue, are 
also subdivided into four classes by Iverson. 

This classification was used to good advantage by Iverson in 
analyzing many grassland communities, of which the following is 
one example. A Deschampsia caespitosa wet meadow showed the 
following spectrum of habitat forms (percentage of species in each 
class): euxerophytes, 0%; hemixerophytes, 33%; mesophytes, 
48% ; hygrophytes, 19%. An Agrostis tenuis dry meadow con- 
tained: euxerophytes, 12% ; hemixerophytes, 15°% ; mesophytes, 
62% ; and hygrophytes, 8%. 
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“Growth-form” is a desirable term to employ in respect to the 
different degrees of development of plants in the same species due 
to variations in environmental factors. In abandoned fields in 
Colorado Russian thistle may be found ranging in height from an 
inch or two to plants a foot or more tall, while in adjacent grass- 
lands the tallest plants are only two or three inches. Individuals 
of any species of grass vary in height, spread, number of stems, 
etc., in every stand, so it is well to have a term to use in connection 
with the degree of growth attained under different conditions dur- 
ing the same season. Studies of ten species of grasses and forbs 
for four years, and of 13 additional species for one year on high 
summer range in Utah (41) “prove clearly that these species under 
such conditions do not have a growth form that even approaches 
constancy. Growth form for the same species was found to vary 
markedly between samples from different years, from different 
elevational zones, and from different sites. Each species exhibits 
its own characteristic growth response and is influenced by ex- 
posure, soil, shading, moisture conditions, temperature, and other 
factors of the environment”. Wide variation is expected in the 
total forage produced and in the proportion which is consumed 
when the range is grazed to a given height, and large errors can 
consequently be expected to result from the use of tables which 
give the average percentage of forage volume above given heights 
of the plant in connection with the volume-height method of 
determining range utilization. 

The “use groups”, recently devised (108) for testing grasses, is 
an application of the life-form characteristic. In this method 
species or strains are compared within certain categories; for ex- 
ample, grasses that show promise for spring-fall use are compared 
with other grasses in this same group and not with those intended 
for summer use. Each use group has a standard to which others 
are compared ; Agropyron trachycaulon is the standard for Bromus 
marginatus, Elymus canadensis, E. glaucus, Agropyron subsecu- 
dum and Lolium multifiorum because of similar characteristics, 
such as longevity, high seeding capacity, rapid germination and 
vigorous seedlings. “It would be disastrous to compare any of 
them with grasses in the groups exemplified respectively by” 
Festuca idahoensis, Dactylis glomerata, Stipa pulchra or Agro- 
pyron smithit. 

A number of studies describe how growth-forms are affected 
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by environmental conditions, such as soil moisture (110, 282); 
length of day, the prostrate habit of growth of Poa pratensis being 
a short-day effect (201); salinity; and application of fertilizers. 
Leys in Britain may not change much in botanical composition as 
they become older, but a great change may occur in the life-form 
(10). As a mat of roots and rhizomes accumulates beneath the 
turf, the tillers increase greatly in number, and the individual 
tillers become smaller. The grasses meanwhile become smaller, 
more prostrate, and form a short dense turf. This is accompanied 
by denser and shallower growth of the root systeni, and thus an 
intensely over-crowded condition results, with decline in the yield 
of forage. 

Considerable attention has been given in recent years to the 
selection of strains of grasses and legumes which have life-forms 
that are of greatest value for grazing, for hay, for special situ- 
ations, or for general use. One of the important factors in achiev- 
ing an increase of 62% in the output of starch equivalent per acre 
from some British grasslands during the last world war was the 
use of leafy recumbent strains (142). In eastern Canada, where 
the pastures consist of a mixture largely of timothy, red top and 
bluegrass, with or without wild white clover, the protein and fiber 
contents failed as indices of nutritive value. The leaf-stem ratio 
appeared to be more important as a criterion because the digesti- 
bility of the herbage for steers and sheep followed this ratio quite 
closely. A wide ratio indicated high digestibility which decreased 
as the proportion of stems in the herbage increased (63). On the 
range it is generally recognized that sheep prefer to graze leaves 
rather than stems (55), which indicates that the leafy life-form 
strains are preferable from the nutritional viewpoint. The Fair- 
way strain of crested wheatgrass is smaller, more decumbent, has 
finer leaves and stems, and is lower in lignin than the standard 
strain at some stages of growth. In Montana steers gained more 
on the Fairway than on the standard strain (239). The Parkland 
strain of smooth bromegrass has a tendency to grow in bunches 
and is less apt to become sod-bound than the regular strain. 
Biennial sweet clover is often preferred to the white because of its 
lower more prostrate life-form which enables some of the flowers 
to survive grazing and thus produce seeds. 

Taller deeper rooted life-forms of grasses and legumes are pref- 
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erable at times because the total yields of dry matter and protein 
are greater than of low forms (185), and they also permit greater 
versatility for pasture, hay or silage, such as orchard grass, alfalfa 
and Ladino clover, as compared with low forms, Kentucky blue 
grass and white clover (94, 98). Due to its habit of growth more 
leaves arid stems of alfalfa are removed in grazing than of Ladino 
clover. Therefore grazing of alfalfa should be managed so as to 
allow sufficient time for growth and re-storage of foods. Forage 
yields of selections of an erect type and low-crown pasture type of 
alfalfa were approximately equal, but S; progenies of the low- 
crown clones yielded more than those of the erect type (302). 
Late flowering forms have been recommended because of their 
greater value for grazing or mowing, such as the S-48 selection of 
timothy (245), or for their greater protein content, as in Kentucky 
bluegrass (94). 

Relationships have been found between the life-form of grasses 
and resistance to fungi. In northwestern United States several 
species of forage grasses are commonly affected with head smut 
(Ustilago marginatus), and two strains of Bromus marginatus, 
which can be distinguished by their growth habits, have been found 
outstanding in resistance (147). One type is early maturing and 
fairly leafy, the other is late maturing and very leafy. The latter 
is preferred for mixtures with sweet clover. In England red and 
white clovers are more favorable for the development of sheep 
worms than grasses because the grasses present more obstacles, 
especially the lower leaves, to the ascent of the animals. 


SOCIABILITY (GREGARIOUSNESS) AND ASSOCIATION OF SPECIES. 
“Sociability” or “gregariousness” refers to the space relationship 
of plants, or how closely together the individual plants or shoots 
grow. Species that spread only by seed often show a high degree 
of sociability, especially in early stages of succession, as in 
abandoned fields where annual weeds become very dense. The 
capacity of these plants to form dense groups is related to the 
number of seeds produced, the mobility of the fruits or seeds, 
survival and germination of the seeds, survival of the seedlings, 
and the ability of the seedlings and mature plants to survive intense 
competition. Bromus tectorum owes much of its success in in- 
vading western grasslands to its sociability. Propagation by 
rhizomes and runners favors gregariousness and often gives species 
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possessing them an advantage in invading new territory. The 
new shoots near the tips of the offshoots are sustained by the 
parent plant while new roots and leaves are developing, and thus 
are better able to survive the competition of plants already present 
or to reach the moister soil below a dry surface layer. Agropyron 
smithii furnishes an excellent example of this in its invasion of 
weed-covered fields and grasslands greatly damaged by overgraz- 
ing, drought or deposition by wind-blown soil (68). 

The degree of sociability that a species will develop in an area 
is determined largely by the prevailing environmental conditions 
and the biological equipment, including the ecological amplitude, 
of the species. In eastern North Dakota soil moisture is usually 
ample for Agropyron repens and Poa pratensis to form patches 
and suppress Agropyron smithii, but in the western part of the 
State, where the moisture is much less, these two species do not 
grow vigorously nor densely enough to hold their own with A. 
smithii. In newly seeded irrigated pastures in Colorado the rapidly 
growing, larger seedlings of orchard grass are able to produce 
dense stands very quickly and suppress the slower-growing, 
smaller seedlings of Poa pratensis and Bromus inermis (110). 
Ryegrass and redtop have similar effects on Kentucky bluegrass 
and Chewing’s fescue in lawns and turfs (83), and many similar 
instances have been noted (269). The use of “nurse crops’’, such 
as rye, in seeding pastures usually results in a dense stand of the 
cereal which suppresses the slower-growing and often shade-in- 
tolerant grass seedlings (110, 113, 293, 257, 225, 161). Topo- 
graphic and soil conditions cause variations in sociability of the 
same species in different sites (122). The degree of sociability 
was higher under deferred and rotation grazing than under con- 
tinuous grazing in Colorado for Agropyron smithii, Schedon- 
nardus paniculatus, Eurotia lanata and Senecio perplexus; but the 
reverse was true for Bouteloua gracilis, Aristida longiseta, 
Artemisia frigida and Astragalus missouriensis (120). Agro- 
pyron spicatum grows in a high degree of sociability in the three 
grassland zones ranging from 1400 to 2800 feet in British Colum- 
bia (267), and it was shown to be denser on protected range than 
on heavily grazed range in Utah (123). 

Much study has been given in recent years to the statistical an- 
alysis of plant and animal distribution, i.e., to the question whether 
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they are dispersed at random (Poisson distribution), or whether 
they show over-dispersion (hyperdispersion, contagious distribu- 
tion) or under-dispersion (hypo-dispersion, negative contagious 
dispersion). Random distribution indicates that the arrangement 
of plants on an area is of such a pattern as would result from 
chance or on the theory of probability, and was called “Poisson 
distribution” after its discoverer. For example, if an area were 
divided into 100 plots, the first seed of a plant would arrive and 
germinate on any one of the plots entirely by chance, regard- 
less of previous occupants. If one-fifth of the plots already had 
plants of this species on them, the probability is that one of 
the next five seeds would fall on the plots already occupied 
and the other four would fall on plots not occupied by this 
species. Over-dispersion (64, 40, 15) occurs when the in- 
dividuals of a species occur in groups so that some units of an 
area would be densely crowded, while other units would be 
sparsely populated. Under-dispersion refers to a distribution 
which is more regular than chance occurrence, as a planting of 
grass plants in rows on dunes, or a corn field. Evidently in- 
dividuals of different species may occur in any one of these kinds 
of dispersion in a specific community, and the same species may be 
found in any of these kinds in different communities, The local 
distribution of Ribes was found to be intermediate between the 
Poisson and over-dispersion types, but closer to the former (93). 
This was due to the dispersal by chance of the original seeds by 
birds, followed by aggregation of individuals around the original 
invaders. 

One of the characteristics of true Poisson distribution is that 
the variance (the square of the standard deviation) is exactly 
equal to the mean (93). When organisms diverge from this, over- 
dispersion results, not only in an unexpectedly large number of 
unoccupied quadrats but also in the presénce of a larger number 
of heavily populated quadrats than would be expected under 
random distribution, and the variance becomes greater than the 
mean. Clapham (40) suggested that the measurement of diver- 
gence of a given distribution from randomness be based on the 
relation between the observed variance and the actual mean. He 
called this measure the “relative variance” (variance divided by 
the mean), and he listed and charted values for 44 species in 
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Steiger’s (250) analysis of a prairie near Lincoln, Nebraska. 
Eight species were found to have relative variances below two, 18 
species varied between two and ten, and in 18 other species the 
variance was more than ten times the mean. 

Cole (51) pointed out that not only plants (which increase 
either by seed or vegetatively) but also animals that produce litters 
or egg masses tend to become concentrated near the parent. Cole 
prefers the term “contagious distribution”, following Polya (206), 
to “empirical distributions” of organisms, whatever the cause of 
the departures from randomness, the ecological implication being 
that the presence of one or more organisms within a sample unit 
influences the probability of other organisms occurring in the same 
sample. He also prefers ‘negative contagious dispersion” to “un- 
der-dispersion”. Cole advanced the hypothesis that over-dis- 
persion is made up of the intermingled random distributions of 
groups containing various numbers of individuals, such as pairs of 
birds, litters gf foxes, etc., and this would also apply to aggre- 
gations of individuals around the first weed invaders in a field, 
as illustrated by leafy spurge or field bindweed. The primary 
grouping has been recognized often, but study of the distribution 
has been limited to individuals. Usually there is a pronounced 
tendency for individuals of a species to remain together, so the 
unit of distribution may well be considered something more than 
the single individual in both plants and animals. If these primary 
groups could be recognized, perhaps by correct sampling pro- 
cedures, it might become evident that these groups are actually 
randomly distributed and that many cases of apparent contagious- 
ness are really the result of unsuitable sampling. 

Ashby (8), however, concluded that a most noteworthy advance 
in statistical ecology of the 11 years preceding 1948 is the 
knowledge that individuals are not as a rule normally or randomly 
dispersed and that over-dispersion is the rule much more often 
than under-dispersion. He agrees in large measure with Cole 
(51) and Fracker and Brischle (93) that, according to the little 
available evidence, it appears that a species which has no “biologi- 
cal predisposition” toward over-dispersion is randomly distributed 
when it first occupies an area. As it increases in density it loses 


its randomness and becomes over-dispersed, and its distribution 
may become random again during its final stages if it tends to 
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disappear from a community owing to competition or to the course 
of succession. So there may be a “cycle of dispersion” accom- 
panying colonization, establishment and displacement of a species ; 
but this requires confirmation. Ashby also stated that over-dis- 
persion of a species at high densities, when not caused by soil 
heterogeneity or by some obvious predisposition of the species, 
might be caused by the high densities of other species which are 
predisposed to aggregation. 

Over-dispersion tends to increase the heterogeneity of the vege- 
tation, while under-dispersion accompanies homogeneity. The 
greater the number of species with individual plants of each show- 
ing over-dispersion, the greater will be the heterogeneity of the 
stand. For example, in a well developed stand dominated by 
Agropyron smithii in the northern Great Plains, a high degree of 
homogeneity is manifest because other species do not have oppor- 
tunity to aggregate, due to the intense competition of the wheat 
grass. But in an over-grazed stand, where the competition has 
been reduced and openings have appeared, mats or groups of 
species, for example, Artemisia frigida, Aristida longiseta, Opuntia 
spp., Buchloé dactyloides and Bouteloua gracilis, may develop and 
form aggregations of high sociability. The vegetation has become 
distinctly over-dispersed and heterogeneous. The term “index of 
diversity” has been proposed to designate the degree to which 
groups are divided into units (301). 

If the sample plots are too small or if inadequate methods are 
used, the manner in which the plants are dispersed may remain 
obscure. The plot may be so small that it is entirely within a 
single unit of a highly gregarious species, such as Buchloé 
dactyloides. The study plots should be of sufficient size and num- 
ber so as to reveal the real nature of the vegetation, and full con- 
sideration should also be given to location with respect to homo- 
geneity in topographic and soil conditions. Data on frequency and 
number of individuals (see below) are most useful in determining 
the kind of dispersal of a species and the degree of heterogeneity 
of a stand. The “isonome” method, i.e., lines plotted on a chart 
to show equal frequencies of plants of separate species in a com- 
munity, can be employed to indicate the pattern of dispersal of both 
the original invaders and the increase in population. Some species 
have shown a continuity of isonomes from one stage of succession 
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into succeeding stages (202). If there is insufficient time for 
detailed work, the listing of the species in a stand and recording 
the sociability of each according to Braun-Blanquet’s (18) scale 
are useful. 

Somewhat related to the sociability of individuals of species is 
the association of two or more species in a community. Stipa 
comata, Koeleria gracilis and other species are commonly asso- 
ciated in the prairies; Agropyron smithii and Distichlis stricta on 
somewhat saline soil; Agropyron spicatum and Poa secunda in the 
lower grassland zone in southern British Columbia (267); Poa 
pratensis and Trifolium repens in many pastures; etc. This asso- 
ciation is due to similarity in the tolerances of species, similarity 
in geographic ranges, differences in biological equipment as shallow 
and deep root systems so that excessive competition can be avoided, 
dependence of one species upon another for shade, food as in para- 
sites, etc. One species of a community therefore often has indi- 
cator significance for the presence of other species. As environ- 
mental conditions change, the associated species also change (122). 
Dominant species indicate other dominants as well as sub- 
dominants, and the latter indicate others of their own kind. A 
species growing as a dominant would usually have different asso- 
ciates than when growing as a subdominant in a different com- 
munity; for example, Agropyron spicatum in western North 
Dakota, where it is near the eastern limits of its range, has a num- 
ber of different associates, among them Muhlenbergia cuspidata, 
Carex filifolia, Bouteloua gracilis and Eurotia lanata, than when it 
is a dominant as in British Columbia (267, 298). The absence of 
some associated species may have especial indicator significance, 
such as severe competition, infection by fungi and certain unfavor- 
able environmental conditions (43). Methods have been devised 
for testing forage plants in mixtures, rather than singly, because 
the former is the more normal situation in pastures (139). 

In the quantitative measurement of ecologic association between 
species Dice (73) proposed the “association index” which was 
obtained by dividing the number (a) of random samples of a given 
series in which species A occurs into the number (/) of samples 
in which species A and B occur together; association index B/A 
== h/a, and the reciprocal index is association index A/B = h/b. 
“For example, if species A should occur on a total of 40 sample 
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plots (a=: 40), and if species B should occur together with A on 
30 of these plots ( == 30), then the association index of species B 
with species A (B/A) would be 30/40==0.75. This index shows 
that on three-quarters of the plots on which species A occurred, 
it was associated with B. . .. the association index may differ 
depending upon which species is used as the basis of comparison”. 
In the above example species B was used as the base; if species A 
were used, the association index would be 1.0. “Frequently one 
species is dependent upon another, without there being any re- 
ciprocal tendency. It is believed that the association indices may 
sometimes be of value in discovering such unilateral tendencies”. 
At least 100 samples should be taken for these comparisons. The 
amount of association between three or more species can be secured 
by an expansion of the formulas used for two species, but this is 
rarely practical. This method was based evidently upon the 
sampling of animals, but it should be applicable also to plants. 


QUANTITATIVE 


Quantitative characteristics of the community, in contrast to the 
qualitative, are those which can be measured or counted. They 


are discussed under the following categories: a) number of in- 
dividuals; b) cover; ¢c) height; d) weight; e) volume; f) fre- 
quency. While quantitative data are essential in grassland ecology, 
they do not displace detailed descriptions of plant communities nor 
of the species. 

Quantitative characteristics have often been estimated because 
actual counting and measuring are time-consuming, and for this 
purpose various scales have been devised. Estimations over large 
areas are often considered more reliable than intensive measure- 
ments on a small number of sample plots (18, 72, 227, 77), and 
they are especially valuable for preliminary and extensive surveys 
(224, 218, 258, 241). Such surveys give important general im- 
pressions of the grassland and aid in orienting the problems of 
major importance. “They are not an accurate or reliable means 
of evaluation and should serve only as a background for develop- 
ing research programs designed to solve the major problems of an 
arca or region” (2). 

The design of an investigation involves selection of charac- 
teristics for detailed study, and choice of methods will depend 
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upon the nature of the problem, type of vegetation, time available, 
facilities, etc. Recently the advantages and limitations of 16 
methods were reviewed (2). The report of the joint committee 
of the American Society of Agronomy, American Dairy Science 
Association and the American Society of Animal Production 
(137) on characteristics and procedures has been widely used, and 
the following excellent statement on planning is quoted: 

“It is not desirable to standardize every technique to the point 
that an investigator accepts it blindly as a stereotyped pattern. 
Such a practise prevents progress and improvements in methods of 
research. Many minor details of technique should be left to the 
good judgment and experience of the individual investigator to 
decide, and to make application to local conditions. Plants, soils, 
rainfall, day length, altitude, latitude, temperature, all cause vari- 
ations which cannot be fitted to a completely standardized plan, 
but which require observation and the judgment of the local in- 
vestigator. 

The first principle of research is to attempt to hold conditions 
of an experiment constant, insofar as this is practical, in order to 
measure a single introduced variable at a time, and either to 
measure or eliminate all other differences between experimental 
groups or procedures. Notes of all details should be recorded 
permanently at the time, and any change of technique written 
down, together with the reasons therefor. 

In publication of pasture research, these points should be stated 
specifically by the investigator, so that others may be free to give 
a different intevpretation should they feel justified in so doing” 
(137). 

Keller (139) discussed designs and techniques for testing 
pasture plants growing in competition with plants of other species, 
instead of growing them in pure stands, to resemble more closely 
the mixtures found in pastures. Some experimental work in- 
dicates that the factorial design was more efficient in the use of 
facilities and provided data which had wider application than a 
series of single factor experiments (144). 

In either natural or domesticated grassland the area as a whole 
can be made the unit of study, or plots can be laid out in it, and 
sample areas may be located within the plots or within the entire 
area. The plot (“sampling area”, “sample plot”, etc.) is a 
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measured part of the stand, as homogeneous as possible in 
vegetation, soil and relief. Usually several plots are used in a 
stand. Both the plots and the sarnple areas may be distributed as 
follows: a) selected locations for special study, or as typical of the 
stand; b) systematic arrangement; c) random arrangement. The 
term “minimal area” designates the smallest area of a community 
which contains an adequate representation of the stand. When one 
plot is used as the unit of investigation of a stand, its size should 
be at least equal to that of the minimal area, and it should contain 
the characteristic number of species. The size of the minimal area 
has usually been determined at the point where the species-area 
curve shows a pronounced flattening. 

Cain (26) described a modified method for determining the 
minimal area from the species-area curve, in which sampling is 
considered sufficient when an increase of 10% in the number of 
samples is accompanied by an increase of only 10% of the total 
number of species. Later Cain (28) used the average increase of 
new species per additional sample units. Ashby (8) stated that 
Cain’s methods are still not really objective because the minimal 
area is selected objectively on the basis of the observer’s field ex- 
perience. But Cain's and the methods of others do give a valu- 
able criterion for determining the size of the minimal area. Ashby 
states further that Cain’s attempt to define an adequate sample 
area brings into relief the limitations of the statistical method in 
plant sociology, namely, that the samples should be randomly dis- 
tributed, and the plants being sampled should be randomly dis- 
tributed or in randomly distributed groups. The ecologist is com- 
pelled to transgress both of these limitations, partly because 
neither the microclimatic nor the soil conditions of the plant com- 
munity are distributed at random. Vestal and Heermans (272) 
stated that the determination of the size of the minimal area at the 
point of flattening of the species-area curve is fallacious because 
this point is different if the scale of either variable (number of 
species, area) is changed, and if a graphic method is to be used, 
the correct ratio for the scales of these two variables must be 
worked out. They suggest the term “reference area” instead of 
“sample area” in order to avoid the implication of being primarily 
concerned with sampling procedures and because the areas being 
studied intensively may later serve as a basis for comparison with 
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other types of vegetation. They suggested four kinds of reference 
areas: a) effective plot size for species-number, >) minimum area 
for assignment to type; c) area definitive for composition; and d) 
area for form of stand. 

In alpine vegetation in Wyoming the minimal area of a single 
plot per stand, on the basis of number of species and areas of plots, 
was about 32 square meters, but if scattered plots were used the 
minimum size of 0.1 sq. m. and at least 20 per stand would be 
required to calculate satisfactory frequency percentages and cover- 
age averages (28). A distinction has been made between 
“minimal area” and “minimum-quadrat area”, the former referring 
to a single sample area per stand, the latter to several scattered 
quadrats per stand (25, 30). In the Festucetum halleri com- 
munity of the Caricion curvulae alliance, Braun-Blanquet (18) 
determined the minimal area at 20 to 25 sq. m. (with about 52 
spp.), while in the Curvuletum community, in the same alliance, 
it was 10 sq. m. (with about 30 spp.). 

In a recent careful study of phytosociological relationships Pen- 
found (198) concluded that the size of the sample area can not be 
predetermined if frequency, density (number per unit area) and 
cover are to be studied, and that the size is relatively unimportant 
if frequency is omitted, since the size of the sample area does not 
affect density or cover relations. The number of sample areas to 
use depends on the size of the sample area, and when this has been 
decided, the number to use can be determined by the break in the 
species-area curve, but, on the basis of his observations, Penfound 
concluded that the number should be at least ten times the number 
indicated by the break as a proper quantitative sample. 

Various sizes and numbers of plots, depending largely upon the 
purpose of the studies, have been used. In a study of biotic com- 
munities in the northern desert shrub in Utah, 0.25-sq. rod plots 
were used (87); in artificial reseeding experiments in “closed” 
communities of Bromus tectorum and depleted Artemisia tridentata 
in the Great Basin, the size ranged from 0.01 acre to ten acres 
(223) ; in testing mixtures for irrigated pastures plots, 22.5 sq. ft. 
replicated 12 times for 32 mixtures, and plots 25 sq. ft. replicated 
four times for 36 mixtures (140); and in a study of the natural 
revegetation of abandoned plowed land in Colorado, plots of 25 
sq. ft. located inside 20-acre exclosures and in grazed pastures 
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(58). In pasture studies in Nebraska plots of about ten sq. rods 
and 30-sq. ft. exclosures were used (284, 288). Sample areas 
located in plots yielded data of greater reliability than scattered 
sample areas not in plots in western North Dakota (114). Ina 
well laid out pasture experiment in eastern North Dakota, each of 
two 9.36-acre pastures was divided into plots ten by ten rods in 
area. Within each plot four sample areas, 14 by 31.375 inches, 
comprising 0.00007 acre, were distributed at random, making a 
total of 64 sample areas per pasture. One permanent exclosure 
plot, two by two rods, and a number of movable cages, one m. 
sq., were also used in each pasture (297). In a carefully planned 
study of a used (nearly in native condition) and a not used grass- 
land mesa in western South Dakota, four-acre plots, 88 by 220 
yards, divided into 15 subplots, and two sample areas of one m. 
sq. per subplot, were used (151). The relation between the fre- 
quency index and abundance was studied in southwestern U. S. 
with plots 10,000 m. sq., and sample areas of one and 0.1 sq. m. 
within them (165). The number of sample areas needed in each 
plot to achieve a specified degree of accuracy depends upon the 
area of the plot and the nature and distribution of the species 
composing the vegetation (173, 198). 

The transect, such as the line interception method (32, 33, 234), 
is inherently an elongated sample area. In this method about 16 
lines, each 50 or 100 ft. long, were located at random in uniform 
plots into which the stand had been divided. The size of the plot 
was not important when 16 or more sample units at least 50 ft. 
long were used per plot. The point-observation-plot technique 
(253) has been used rather extensively in surveys of large areas; 
for example, in studying the influence of unrestricted grazing in 
western Utah in one valley, 920 plots, each 200 sq. ft., spaced at 
intervals of 132 ft. on a transect 23 miles long, were used (251). 
The same method was employed on the vegetation of the Fort 
Worth Prairie in Texas, with 169 100 sq. ft. circular sample areas 
spaced at 350-ft. intervals on a transect 34 miles long (78). 
Sample areas of 100 sq. ft. at intervals of 350 ft. on a transect 76.5 
miles long were used in investigating the Western Cross Timbers 
in Texas (79). 

Carefully selected plots have been employed effectively to deter- 
mine in a general survey the extent and general nature of 
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vegetation (267); the forage preferences of livestock (57); the 
course of succession after plowing or drought (299, 300, 282, 283), 
in newly seeded pastures (110) and following burning (111); to 
record changes in the course of time (4); etc. The systematic ar- 
rangement of sample areas has been used to determine the effects 
of different systems of grazing upon a western wheatgrass com- 
munity in Colorado (120) to ascertain the characteristics of the 
major grassland communities in western North Dakota (122), 
to determine the effect of isolation transects upon the intensity of 
grazing by cattle (112), in comparing the plant composition of 
ridges and furrows in abandoned sugar-cane fields in Louisiana 
(199), etc. The random distribution method has been relied 
upon by many (76, 266, 297, 30). In a recent text on range 
management (258) the development of refinements in grass- 
land ecology is indicated by the discussion on the need of plots in 
range management and research, and the advantages of systematic 
and random arrangements as compared to the selection method. 

In a comparison in the field and in the laboratory (with discs) 
the two methods were found to have about equal accuracy in com- 
munities where the individuals were all of the same size (an un- 
natural condition), but the transect method required much less 
time (11). In communities in which the individuals varied in size, 
as occurs in nature, the transect method was more accurate in 
measuring cover, due probably to the greater linear extent of the 
transects. On the basis of laboratory tests “the per cent of the 
line covered in the transect samples was a considerably more ac- 
curate indication of the true areal coverage in the entire assem- 
blage than was the per cent of the area covered within the quadrat 
samples”. In testing results of planting grass to control erosion 
dunes, plots of 0.1 acre, at least four times as long as wide, with 
three mil-acre sample areas per plot, were used (21). 


NUMBER OF INDIVIDUALS (ABUNDANCE, POPULATION DENSITY). 
In an exact sense “density” refers to the number per unit area, 
and by dividing the measured area by the number of individuals 
the average area occupied by an individual can be determined. 
The average distance that individuals are apart can be determined 
by taking the square root of the average area. The reliability of 
the average increases as the number of sample areas increases. 
Averages alone, however, are inadequate for many purposes in 
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describing the community and should usually be employed with 
other characteristics, especially frequency (76, 118, 122). The 
term “density” has been used in range surveys to indicate the 
ground covered by vegetation (232, 238, 253, 258), but it should 
be used more precisely in, the sense indicated above. 

In attempting to deduce a general law as to how abundance is 
distributed among species, four meanings of abundance (com- 
monness) and rarity have been recognized (209); a) global 
abundance, the total number of living individuals of a species; 6) 
local abundance, the total number of individuals living at a certain 
instant on an area; ¢) relative abundance, the ratio of the number 
of individuals of one species to that of another; d) sample abun- 
dance (observed abundance), the number of individuals counted 
in a sample. Prat (208) stated that Bail’s M-concentration con- 
cept regarding the maximum concentration of organisms in a given 
space applies not only in bacteriology but also to organisms gener- 
ally, including the spacing of plants in agronomic practises, and 
even to man. In experimental work to control the erosion of 
dunes on the north Pacific Coast, density was considered the 
product of spacing between hills and the number of culms per hill 
(20, 21). ‘When sand accumulation and cost of planting were 
considered together, a density of 245 [inches] was most 
efficient on sites of moderate severity. A density of 18 x 3 was 
efficient only when fertilized. Higher densities, 12 5 and 
12 X 3, were effective but not efficient unless fertilized. Spacing 
was more important than culms per hill in determining the in- 
fluence of density on production. The number of culms per hill 
was more important than spacing when density and erosion con- 
trol as expressed by sand accumulation were correlated”. 

“Density values may or may not have much significance in de- 
lineating the relative importance of species in a community. If the 
species are similar in size and spread the number of individuals per 
unit area may be a very important criterion. On the other hand, 
the relative size of individuals may be very different even among 
codominants, especially in herbaceous communities. Often it is 
very impractical and sometimes impossible to distinguish in- 
dividual plants in the field. Since different plants, even in a given 
stratum, may vary greatly in volume and since the identity of 
individuals may be difficult to determine under field conditions, 
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it is obvious that, upon occasion, density may have little phyto- 
sociological significance. In our investigations we found that 
the density relation among species did not change with the quadrat 
size, number of species, or total plant cover. These facts suggest 
that density is a truly quantitative condition and is a more reliable 
one than frequency” (198). 

The term “percentage abundance”, or “relative abundance’, has 
been used to indicate the relative proportion of units of each species 
in a stand, but this usage appears valid only when the plants have 
similar life-forms and are therefore fairly comparable, which is 
rarely the case (119). “Percentage frequency” has also been used 
(266, 72), but “frequency” is not very exact in this connection. 
According to the more common usage, “frequency” should be 
reserved to indicate the degree of dispersion of individuals of a 
species in a unit area, or the proportion of the total sample areas in 
which a species occurs. 

One of the difficulties in applying this characteristic is the deter- 
mination of what constitutes a plant unit, but routine procedure 
has been established (71, 115, 134, 155). Often it is easier and 
more precise to measure the area occupied by some kinds of life- 
forms, such as mats or bunches, than to attempt to count tillers. 
“Results based on actual separations of forage from randomly 
selected areas are most accurate. However this method of obtain- 
ing data is slow, tedious, and expensive and has largely been 
abandoned in favor of less accurate procedures which are more 
rapid” (2). Various estimation scales have been used (18, 114, 
284). Scales may combine two and possibly more characteristics, 
such as abundance and frequency (114), abundance and foliage 
cover (4). “The use of a scale of classes rather than actual per- 
centages is justified by the fact that the getting of actual per- 
centage is a difficult problem. It is relatively easy to say that a 
given species covers 1/4, 2/4, 3/4, or 4/4 of the area. This 
estimate is sufficiently accurate to cover the more important 
changes in plant population and does not require an excessive 
amount of time” (4). “Not infrequently mere estimation gives 
better results than counting and measuring” (18). In the analysis 
of grass veld in South Africa counting was objected to because of 
the great difficulty in deciding on the plant unit, the impossibility 
of taking turves to the laboratory for dissection and the tedious- 
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ness of working numerous samples required by the heterogeneity 
of the vegetation. So it was concluded that the results obtained 
would not be commensurate with the required labor and time 
(295). But neither are estimates highly reliable, due to the hetero- 
geneity of the vegetation, changes in composition from year to year, 
and variations in estimates resulting from the personnel factor (8, 
241). Perhaps a word of caution is needed because it is so easy 
to take the least laborious methods; estimation methods should as 
a rule be used only when more precise methods can not be applied 
for the reason that the time available will permit use of estimates 
or there would be no study at all, or because the nature of the 
vegetation prohibits the use of more precise methods, which is 
rarely so. 

Counting the number of individuals according to species is 
usually indispensable in research on reseeding, burning, chemical 
control of weeds or poisonous plants, reduction of weeds in suc- 
cession, etc. In southern Utah if Bromus tectorum can be reduced 
from about 570 plants per sq. ft. to about 50 for one season, 
perennial grasses, such as Agropyron spicatum, A. inerme, A. 
cristatum, Poa bulbosa, P. ampla, Bromus inermis, B. carinatus 
and Arrhenatherum elatius, can succeed when artificially seeded 
(132). Abundance, and frequency also, were used effectively in 
showing differences between prairie relics and mowed or grazed 
prairie in north-central Missouri (76); and abundance has been 
much used in studying the effects of drought (221, 291, 299), of 
grazing (120) and of clipping (127). The number of stalks 
grazed compared to the number not grazed on sample areas has 
been used as a method of determining range utilization. One or a 
few single-stalked species are selected for counting. This method 
has been criticised on the basis that some stalks are grazed closer 
than others (258, 195). One difficulty or deficiency is that too 
often only one kind of measure is relied upon, and, since an in- 
sufficient number of characteristics are measured by it, the one 
criterion is criticised as inadequate. If it were combined with 
other measurements, as of height and weight, the number of stalks 
would be valuable. 


COVER (AREA OCCUPIED, DECKUNGSGRAD). “Cover” refers to the 
herbage area, or spread, the area occupied by leaves, stems and 
inflorescences as viewed from above; “basal area” to the extent of 
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ground actually covered by the crown, or the area penetrated by 
stems, readily seen when the leaves and stems are clipped at the 
ground surface, or the area occupied by the vegetation in a hori- 
zontal plane at one inch or more above the ground (115, 119, 232, 
236, 164). The areas occupied vary according to the life-form or 
growth form of the species, ¢.g., the maximum spread of Aristida 
longiseta was 1666 cm. sq. per sq. m. at a height above one inch, 
while of Buchloé dactyloides it was 505 cm. sq. at a height of zero 
to one inch (119). Many ecologists have pointed out the im- 
portance of plant cover. “Cover is probably the most suitable 
ecological expression for recording change” (64), but this would 
not hold true for single- or few-stalked plants, such as Agropyron 
smithii and many forbs. 

-Penfound (198) stated that “herbage area” has been used only 
to a slight extent in community analysis, and that “basal area’’ and 
“dry weight” have been favored in determining dominance, but, 
since it is easier to determine herbage area than basal area or dry 
weight for ground, herbaceous and suffrutescent strata, it is sur- 
prising that phytosociologists have not used herbage area more. 
He stated that herbage area can be estimated with considerable 
accuracy, but others disagree (241, 8). According to Penfound, 
herbage area is a more important character than frequency or 
abundance (density) because it can be estimated in percentage 
and is not affected by the size of the sample area. He felt that his 
conclusions were supported by Bauer (11) who thought that 
coverage rather than the number of plants, frequency or other 
quantitative characteristics determines dominance and gives charac- 
ter to the community, and that data on cover may be considered 
more valuable and significant than other data to express quantita- 
tive relations among species. This may be true, but the use of 
cover alone, which might result from such emphasis, can not give 
complete nor even all of the necessary information about a com- 
munity. In regard to dominance alone the data on abundance, 
frequency, weight, height and qualitative and synthetic charac- 
teristics are essential. 

In much research on grazed grasslands, charting or measure- 
ments have been made at one inch above the ground, the height to 
which many species are grazed, and this has been called the “basal 
area” by many (230), but this term should be restricted to the 
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area at the ground level. Other objections to the use of herbage 
area are that it is readily affected not only by grazing, but also by 
insects, fungi, weather variations, etc. Basal area, however, is 
more stable under these ephemeral influences, but it is subject to 
more long-continuing influences. Therefore, for many objectives 
the measurement of the basal area gives more valid results. 

The chief quantitative methods used in studying cover are: a) 
charting by hand, pantograph, tripod, camera, or traverse board ; 
b) area list; c) point contact; d) line interception; e) mirror 
projection; f) photographic negative. Some of the estimation 
methods are: a) cover scales; b) ocular or range reconnaissance ; 
¢) point-observation plot or square-foot density. Since most of 
these methods have been fully described in various publications 
(258, 285, 18, 115), this discussion is restricted to recent appli- 
cations of some of these methods and to some of the newer 
methods. 

The tripod method of charting vegetation was used (17) on a 

‘sample area, 2.5 ft. sq. At the apex of the tripod, placed directly 
above the sample area, was an eye hole, and 15 inches below it and 
30 inches above the ground was a piece of shatter-proof glass, 
fastened to the tripod, 12 in. sq. After the vegetation was clipped 
to a height of one inch, the bunches were outlined on transparent 
paper placed on the glass. This method was used for three seasons 
in bunchgrass communities and required a small fraction of the 
time needed by the pantograph or grated quadrat methods. 

In the area-list method the basal areas, or areas at one inch, are 
measured by a ruler or special measuring instrument, such as the 
listing square (135), the area rule (194) or the densimeter (65). 
The density-list method (percentage area) is similar to the area- 
list method except that there is more estimation and less measure- 
ment in the former, and the data are recorded usually as percent- 
ages instead of in sq. cm. or inches (5, 71, 72, 82, 88, 119, 169, 
230, 179, 246, 267). While the density-list method saves much 
time and a high degree of accuracy may be attained by skilled 
personnel, it is not suitable for regional surveys (64). Estimates 
of percentage cover in pastures by different observers are subject 
to wide discrepancies (295). The “chief objection to the method 
lies in the apparent inability of the observer to estimate consistently 
the percentage of area covered by each species in different types of 
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swards. The method fails if the vegetation is sufficiently tall to be 
displaced or affected by placing the frame on the sward’’ (266). 
In conclusion, wherever the vegetation permits, the area-list 
method, or the point-contact method, is preferable to the density- 
list method, because both of the first two methods are more ob- 
jective. The point-contact method (point-quadrat method) 
(153) was apparently first used in the U. S. by Hanson (114) 
in a comparison of methods in the analysis of vegetation in western 
North Dakota. It was also used to measure herbage cover in 
determining the characteristics of major grassland types in this 
area, employing 300 points per stand of two to 20 acres. Du 
Rietz (77), Davies (71) and Fenton (89, 90) called the attention 
of British and European workers to this method, and in So. Africa 
West (295) concluded that it “possesses the virtue of speed, 
making it possible to cover a large area fairly thoroughly in a 
reasonable time. In addition its results possess a quantitative 
value. ... A point very much in favour of the method is the 
elimination of the personal factor”. The procedure was modified 
(266) by setting the pins in the frame at an inclination of 45° 
instead of vertically, giving the method certain advantages as being 
more easily used, covering a greater area per reading and increas- 
ing the accuracy. When a correction factor is used some investi- 
gators have found close relationships between the point deter- 
minations and dry weight percentages (7, 6, 75), but other in- 
vestigators concluded that inaccurate results would be obtained by 
using a constant for correcting the point contact data (243) be- 
cause of the varying ratios secured between point and weight data 
at different times of the year. This is to be expected because the 
methods measure two different characteristics, area and weight 
(114), and usually data on different characteristics, even for the 
same species, are not comparable (64). In some studies ap- 
parently too few readings, as ten points in a 250-sq. ft. plot, were 
taken for valid results (220). The inclined-point method proved 
well suited to investigating the effects of soil acidity and available 
phosphorus on population changes in mixed Kentucky bluegrass 
turf (180). 

Crocker and Tiver (64), after a comparison of methods, selected 
the point-contact method for grassland surveys in the South-East 
of Australia “because it incorporates so many desirable features, 
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and seemed to be so readily applicable to large-scale work. Its 
most valuable features are: a) it permits quantitative determi- 
nation of botanical composition in terms of cover, which is prob- 
ably the most suitable ecological expression for recording change ; 
b) it is objective and more rapid than other methods of equal 
reliability and objectivity; c) it provides for randomisation and 
ample replication of sampling; d) it also permits close examina- 
tion of all, or almost all, species present and gives plenty of scope 
for observation; ¢) it does not depend entirely on random dis- 
tribution of species for its usefulness; and f) it does not in any 
way interfere with the vegetation. 300-500 point samples per 
unit area (field or paddock) [14-150 acres] are usually sufficient 
for a reliable analysis of a pasture in survey work. Provided 
edaphic variability is not great, uniformity of treatment is more 
significant than most other factors, especially area, in determining 
botanical variation, and the size of the paddock is not very im- 
portant for the number of point samples required”. Species of 
markedly different growth habits, such as thistles which in late 
spring had already grown to a height beyond the possibilities of 
this method, were studied by the count-list or other methods. The 
optimum height of the vegetation for the use of the point-contact 
method was considered to be four to six inches, and sampling 
should be avoided during a high wind in order to reduce the error. 

Since Levy introduced this method, it has been widely used, 
found most serviceable and is becoming one of the standard 
methods of measuring cover. It is rapid, accurate and quaiititative, 
especially in grassland up to eight inches tall. 

The line-interception method (32, 33, 129), a modification of 
the line transect, lists and measures the linear extent of the basal 
areas of all plants that are intercepted by the vertical plane of 
randomly located lines of equal length. When the ground cover 
is five to fifteen %, lines 50 ft. long were used; with ground cover 
of 0.5 to 3% the lines were 100 ft. long. Not less than 16 sampling 
lines should be placed at random in each area to be sampled, re- 
gardless of the size of the area. Shrubs and half-shrubs were 
measured separately from the grasses and forbs, projecting the line 
vertically to intercept the maximum spread of the crowns. The 
linear extent of each plant-is recorded in the field to the nearest 
0.01 ft., and from these measurements the percentages of ground 
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covered and the relative composition of the vegetation is calculated. 
The proper length of the line must be determined for various types 
of vegetation. Close agreement was found in the data secured 
from the line-interception and permanent chart quadrat methods 
(32, 3), and both of these methods were used in a study to deter- 
mine the condition of mixed grass ranges by the proportion of 
perennial grasses present (34). 

Crocker and Tiver (64) found the line-interception method 
valuable in the quantitative analysis of fairly open grasslands, but 
in dense vegetation it had limited application, due to the difficulty 
of recognizing individual species. The line-interception method 
was modified for use in the sand-dune-sage type of vegetation in 
the southern Great Plains (234) by using a belt ten cm. wide at a 
height of 44 inches for measuring the peripheral spread of shrubs, 
primarily Artemisia filifolia, and a strip one cm. wide on the 
ground for the cover of grasses, sedges and forbs. This method 
was carefully tested for accuracy and reliability with 3,729 lines, 
each ten meters long, on 20 pastures (190). The composition of 
the sand-dune-sage type with a total cover of 34.3%, according to 
this extensive study, was: Artemisia filifolia, 79.2% ; Bouteloua 
gracilis, 6.34% ; Sporobolus cryptandrus, 5.25% ; other perennial 
grasses, 2.42% ; annual grasses, 0.9% ; other shrubs, 4.88% ; and 
all forbs, 0.99%. <A total of 50 grass species and 216 species of 
forbs and shrubs were recorded. In this vegetation type it was 
concluded that “Meter quadrats are too limited in scope to repre- 
sent accurate sampling areas for highly variable brush-infested 
vegetation and slopes. A pantograph table would have to be 
located above the brush and too far from the ground surface to 
permit strictly accurate readings. The line transect appears to be 
admirably adapted to the situations encountered on the experi- 
mental range. It represents a desirable combination of speed and 
accuracy. Each line provides a sample through and between 
several shrubs and over a constantly changing topography’. The 
line-interception or the belt-transect methods outlined above have 
been used in an extensive test to determine the best time for 
cutting prairie vegetation to obtain high quality of hay and to im- 
prove the grassland (9), in brush vegetation in California (11) 
and for determining basal area of plants in grasslands in Montana 
(304). These methods, in conclusion, appear to be most suitable 
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in vegetation where shrubs are intermixed with grasses and forbs, 
and not so well suited to dense grassland types. 

In the photographic negative method (128) bent grasses given 
different fertilizer treatments in pots were timed at the end of six 
weeks to a uniform height and photographed at night, using a 
constant source of light. The negatives were very dark, due to 
the white quartz sand in the pots, except for the area occupied by 
the grass. Diffused light passed through the negatives was 
measured in foot candles with a Weston photo-electric cell, and 
these readings were used as a direct measure of the relative amount 
of coverage. 

Various modifications of scales for estimating cover described 
by Braun-Blanquet (18) have been proposed (198, 200). Vestal 
(271) reviewed various scales and proposed an unequally ten- 
parted (and a cognate five-parted) scale with the aim of finding a 
more smoothly graduated scale. The proposed scales could be 
used with the largest steps at the bottom or at the top, as appli- 
cations indicated. However, “Since gradings by means of scales 
are to a degree subjective and arbitrary, findings from their use 
are usually indicative, rarely conclusive. One can better judge 
which scale to apply to a given set of data by applying more than 
one, and comparing the results” (271). 

An excellent account of the ocular or range reconnaissance and 
the point-observation-plot or square-foot density methods of grass- 
land analysis by estimation is given by Stoddart and Smith (258). 
The latter has been widely used during the past ten years in range 
investigations (59, 196, 217, 218, 251). Smith (241), in a note- 
worthy study on the reliability of range vegetation estimates, con- 
cluded that “These studies do not show density estimates to be a 
highly reliable measure of range value since ‘high’ estimators 
found ranges to have almost twice the grazing capacity found by 
‘low’ estimators, even after a week of intensive training. A signif- 
icant difference was found between individuals and also a given 
individual was found to have significant inter- and intra-daily 
variation. In addition, plants showed great variations in yield 
from a unit of density both within and between species. The re- 
sults of this study support the current tendency among range 
technicians to rely less upon density estimation as a means of 
determining grazing capacity of ranges, and more upon comparison 
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with ranges of known productivity and a general ecological 
analysis of plants and soil followed by percentage adjustments in 
current stocking”’. 

Crocker and Tiver (64) stated that estimation methods have 
been widely used in ecology and that they can reach a high degree 
of reliability, depending upon the individual skill of an observer, 
but they are less and less reliable for regional surveys which de- 
mand the employment of a large number of field men. “Further- 
more, the dynamic nature of the pasture complex makes the appli- 
cation of objective methods doubly desirable’. Ashby (8) ob- 
jected even more strongly to estimation methods: “Each of these 
four characteristics [fidelity, abundance, cover, frequency} can be 
measured objectively and expressed quantitatively, and qualitative 
studies of them are, or ought to be, as out-of-date as qualitative 
studies of respiration. There is adequate proof that the older 
subjective methods are unreliable”. 

There is no question about cover being one of the most import- 
ant of community characteristics, but this does not justify its use to 
the exclusion of other characteristics. The most valuable methods 
are one of the charting methods when permanent records of areas 
and locations of each plant in the sample area are required, and the 
area-list, point-contact, or line-interception methods, depending 
upon the nature of the vegetation. Estimation methods should 
be used only in preliminary indicative work and can not be con- 
sidered as substitutes for quantitative methods. 


HEIGHT OF PLANTS. Height is a good index of vigor and can be 
used as a criterion of the suitability of the environmental con- 
ditions for the growth of a species. Since there is a good cor- 
relation between height and weight measurements of the rate of 
growth, curves are frequently based on height data instead of on 
weights which are more difficult to secure (145). Measurements 
of height, width or diameter of parts should be made as precise as 
possible by considering a large number of individuals. 

The average length of the leaves on one plant selected as of aver- 
age height in each row of each plot was used in studying the effects 
of competition by Artemisia tridentata upon 17 species of range 
grasses (222). In early spring Agropyron cristatum had reached 
a height of four inches under intense competition and seven inches 
where there was no competition; in 4. smithii the measurements 
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were 15 and 17 inches, respectively. Grasses without brush com- 
petition attained the eight-inch average height on April 26, but 
under reduced and intense competition the respective dates were 
April 29 and May 3. 

The foliage height and the working and maximum depths of the 
root systems show relationship (287). For example Buchloé 
dactyloides with a foliage height of 5.5 inches had working and 
maximum depths of 12 and 20 inches, while with a foliage height 
of three inches the working and maximum depths were five and 
nine inches. The width of the third leaf, near the middle, showed 
relationship also with the diameter of the roots at a depth of six 
inches in six grass species. 

Flower stalks may be cut at the close of the season and taken 
into the laboratory for making precise measurements. The aver- 
age length of 100 stalks of Agropyron smithii from a deferred and 
rotation pasture in Colorado was 23 inches, while from a continu- 
ously grazed pasture the height was 18.7 inches; and for Stipa 
viridula the respective lengths were 32.1 and 24.1 inches (120). 
Rate of growth was also determined for six species by measuring 
the maximum height in the field of two to ten stalks in each of ten 
clumps for each species. Earliest growth began in the middle of 
March, was most rapid during May, and vegetative growth was 
completed in the latter part of June when the available soil 
moisture was depleted. Stipa viridula was less sensitive to low 
temperatures early in the spring than Agropyron smithii, and both 
were less sensitive than Bouteloua gracilis, Buchloé dactyloides, 
Schedonnardus paniculatus and Aristida longiseta. In southern 
British Columbia the average mature heights during the period 
1935 to 1940 for Agropyron spicatum were 14.6 inches for the 
leaves and 22.1 inches for the stems; for Stipa comata, 5.1 and 
16.2 inches; for Poa secunda, 2.0 and 10.5 inches; and Bromus 
tectorum, 8.5 inches for the stem only (267). In eastern Montana 
Bouteloua gracilis clipped at two cm. every two weeks during the 
growing seasons from 1938 to 1941 inclusive had seed stalks in 
1942 (not clipped in this year) 23.7 cm. tall and basal leaves 11.2 
cm. long; the plants clipped at two cm. every four weeks had re- 
spective heights of 24.4 and 13.1 cm.; those clipped at four cm. 
every two weeks were 26.6 and 15.4 crm.; and those clipped at the 
end of the season only were 30.3 and 15.9 cm. (127). 
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In Utah the annual herbage growth of range grasses, such as 
Bromus carinatus and Agropyron trachycaulon, begins 45 to 89 
days before disappearance of the winter snow, and the annual 
growth is cyclic, due to the plant’s resproductive cycle and to the 
influence of climatic conditions (163). Several studies have been 
made on the effect of precipitation received during the current and 
previous seasons upon height growth and area of tufts (181, 157, 
120). 

One of the important practical applications that has been made of 
height measurements is the determination of range readiness in the 
spring. Several criteria have been used, such as the time of ap- 
pearance of first flowers in some species, appearance of flower 
heads of certain grasses, and height of foliage of grasses, ranging 
from two to ten inches, depending upon the species (231, 258, 61, 
60). Considerable research has been done on methods of relating 
height utilization to weight utilization of range grasses, such as the 
preparation of tables based on weight measurements of each inch of 
height growth (158), use of converting factors and curves to trans- 
fer height to weight measurements (52, 62, 217), formulation of a 
scale for field use (159), and comparisons with other methods to 
determine degree of forage utilization (41). The results of these 
investigations, many of which are contradictory, indicate that the 
relationships between characteristics are most complicated. It ap- 
pears only natural that direct relationships would not occur con- 
sistently because the response of a plant in one characteristic to 
environmental conditions is not necessarily dependent upon the 
response in some other characteristic. Since there are so many 
parts of plants that can vary in time and in place, in height, weight, 
area, thickness, chemical composition, etc., it can not be expected 
that simple relationships will occur. Therefore it appears that 
each characteristic must be measured directly, and the transfer of 
readings of one characteristic to another is rarely, if ever, valid. 


WEIGHT OF PLANTS (YIELD, PRODUCTION). Weight is one of the 
most important quantitative characteristics of vegetation because 
increase in dry weight is probably the best single measure that can 
be made of growth (294). Height and area, or spread, of the 
herbage are important space characteristics, while weight is the 
quantitative expression of the structural materials, foods, proto- 
plasm and minor substances, such as crystals, that have resulted 
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from the metabolism of the plant, and form the basic substances 
for additional growth and for endurance of and recovery from un- 
favorable conditions. Most of the research on weight has been 
done on the herbage as a whole, but in recent years some work has 
been performed on the weight of the root system and also on leaves 
separately from stems. In greenhouse experiments (203) the dry 
weight of the roots of Sudan grass was one-third of the total 
weight of the plants, regardless of the stage of maturity, and ad- 
dition of nitrogen fertilizer caused a decrease in the proportion of 
roots to tops. In New Jersey (242) the weight of roots of pasture 
and turf grasses showed a rapid decline between the first and sixth 
inches. In West Virginia (101) the weight of roots of pasture 
grasses was greatest in the uppermost three inches. 

In estimating the amount of green forage on range lands of 
western U. S., it appears that the estimates based on weight are 
more reliable than those based on area (258, 197,96). The weight 
of the forage on sample plots is estimated by species, and then the 
total production for the entire area under investigation is calculated. 
Considerable training is necessary to use this method, but the value 
of it is that actual weights can be used in the training and also in 
checking the estimates. In investigations in southern U. S. (31) 
actual weights of green and air-dry herbage were used from square 
plots of 9.6 sq. ft. with 10 to 15 plots per sub-type, this eliminat- 
ing estimations. 

Clipping of the herbage within sample areas to obtain green or 
dry weights has been widely practised, and it has been called the 
“direct harvest’’ method (182). West (295) stated that it “is the 
most suitable form of the Percentage Productivity Method for use 
on natural grassveld in South Africa”. Ahlgren (2), after com- 
paring many methods, stated: “Clipping or mowing ungrazed plots 
or protected areas in pastures which are grazed to obtain yields of 
dry matter is probably the most common procedure used in measur- 
ing the results of pasture research. The method is easy to employ, 
rapid, and relatively inexpensive. It is admirably suited to trials 
which include a large number of variables and for small plot types 
of studies’. Many sampling procedures have been used, such as 
cutting with grass shears, hand sickles, lawn mowers, field mowers, 
and hand plucking to more closely resemble grazing. Fenced plots 
and caged sample areas vary from a few square feet to several 
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square rods or larger, and they may be located permanently, an- 
nually or for short periods, depending upon the frequency of 
clipping. For most kinds of research the cages are moved to new 
locations after each clipping. Investigators have found conflicting 
results from clipping in comparison to those from grazing, among 
them greater yields from clipping than grazing, lower yields under 
clipping, close relationships and poor or low relationships. This is 
to be expected because of differences in growth habits and life-forms 
of grasses, grazing methods, time of clipping, etc. “On the basis 
of data given in the literature, there is evidence for a substantial 
difference of opinion with respect to the validity of results based 
on yields from mowed plots compared with those of grazed areas. 
However, most investigators have reported that results based on“ 
clipping trials which simulate grazing approximate those obtained 
in grazing during the first few years. There is some indication, 
however, that significant changes may occur in the botanical com- 
position of grazed and mowed areas and that clipped areas de- 
teriorate progressively in quality and productivity as time goes on. 
In view of these results it appears highly desirable to avoid the use 
of permanent sampling areas in grazing trials and to relocate cages 
or other sampling devices at reasonably frequent intervals. It is 
clear that additional information is needed relative to the value and 
accuracy of results based on clipping or mowing compared with 
those obtained in grazing trials. Until such information is more 
generally available, results of clipping or mowing trials can be 
interpreted only as being indicative of those likely to prevail when 
livestock are used” (2). 

According to the usual movable cage method (154, 182), the 
difference in the weights of clipped herbage produced within plots 
protected from grazing and of that remaining after grazing and 
then clipped represents the quantity consumed by the livestock. 
However, when the herbage is clipped before placing the cage in a 
new setting, the vegetation is defoliated to a greater degree by this 
clipping than that which is exposed to grazing and not clipped, 
and therefore this method is subject to criticism (155). Another 
source of error occurs when growing conditions are favorable and 
the length of the grazing period is long, in that the quantity of 
grass available at the end of the grazing period may be materially 
greater inside the protected area than that which had been avail- 
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able to the livestock in the pasture (155). A correction factor 
was introduced “which would have the effect of allowing for 
differences in growth during the actual grazing period of the her- 
bage which had unrestricted growth inside the cage and that sub- 
jected to defoliation by animals outfield during the same time”. 
At first it was thought that the animals ate the same quantity of 
herbage each day, but, in accordance with results obtained by other 
investigators (136, 303) which showed that the daily consumption 
on pasture drops very materially as the quantity of available forage 
becomes less, the rate of consumption is in proportion to the 
quantity of grass available. Experiments showed that the total 
yield of the direct harvest method with a correction factor differed 
by 18.2% from that of the animal weighings, by the uncorrected 
method by 49.0%. It was concluded also that “the output of 
animal products even when large numbers of stock are used is not 
necessarily in all cases a good measure of the quantity of grass 
which has been consumed, even when, . . . the grass is of uniform 
quality as indicated by chemical analysis. ... In much of the 
literature dealing with comparisons between animal output and that 
by grass clippings it seems to be tacitly assumed that animal out- 
put figures are not subject to error and any discrepancy between 
the two methods is deemed to constitute error of the cage method 
only. This is obviously wrong. Clearly each method has its own 
error and each contributes to the error of any difference between 
the two methods” (155). 

Ahlgren (2) reviewed briefly nine methods for measuring the 
results of pasture research based upon the use of animals, and 
seven other methods in which animals,are not used. The animal 
methods, all of which involve the weight of plants, are based upon 
profit, production of milk, cattle and sheep weights, pilot plots, 
total digestible nutrients, carrying capacity, palatability trials, 
digestion trials, and biological assays with small animals. 

Periodic weighing of beef cattle, dairy heifers or sheep is less 
complicated than measuring the production of milk from dairy 
cows, but similar precautions must be taken in the selection of 
animals. The same class of livestock should be used throughout 
the experiment because the effects of different kinds upon the 
grassland varies (136, 172, 220). In Great Britain special methods 
have been developed for utilizing sheep in evaluating pastures, such 
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as movable pens and tethering. The animal is considered an in- 
strument for estimating or measuring the productivity of the grass- 
land (247). Some objections to the live-weight method are the 
difficulty of control, the relatively small areas used and the diffi- 
culty in comparing a grassland grazed under the experiment to one 
grazed throughout the year under field conditions (205). The 
total-digestible-nutrients method is considered by many to be the 
best for evaluating pasturage on the basis of milk-producing dairy 
cattle. Procedures for this method have been described by the 
joint committee of the American Society of Agronomy, American 
Dairy Science Association and the American Society for Animal 
Production (137, 100, 270, 220, 143, 146). The requirements of 
digestible nutrients for milk production and maintenance and for 
live-weight increases are considered in relation to the nutrients 
supplied in supplementary feeds and in the pasturage. 

One of the most common ways of expressing the forage value of 
grassland has been to state the “carrying” or “grazing capacity”, 
i.e., the number of days of grazing that an area provides for a 
certain length of time. Various terms have been used, such as 
“cow days”, “sheep days”, “cattle days’, “grazing days’, “cattle 
equivalents”, “cattle grazing weeks’, “pasture days of grazing”, 
“unit day of grazing’. A standard “grazing day’ has been 
proposed (66) as a mature sheep grazing for one day in the month 
of June in England. A day in August would be equal to 97% of 
this, in October 74%, in December 17%, in January 16%, and in 
March 30%. The number of “standard cow days’ per acre 
(2, 146) is secured by dividing the total digestible nutrients per 
acre by 16, and the carrying capacity is then calculated by dividing 
the number of standard cow days per acre by the number of days 
of grazing during the season. Use, however, of grazing units 
without including weights of the animals or of the milk, and sup- 
plementary feeds, is not very quantitative and should be limited ” 
to preliminary trials or to studies where the emphasis is on the 
effect of the animal on the vegetation rather than the effect of the 
forage on the animal. 

The only direct method of measuring the value of forage is by 
digestion trials, in which plants are fed to livestock in carefully 
controlled feeding experiments. On account of the limited amount 
of information available, the pasture committee of the American 
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Dairy Science Association reviewed the data of 45 digestion trials 
and suggested the following coefficients of digestibility for mixed 
pastures: crude protein, 75%; crude fiber, 79%; nitrogen-free 
extract, 80% ; and ether extract or fat, 50%. If chemical analyses 
are lacking, the dry matter may be assumed as 72% digestible, and 
for dried grass with 15% moisture and 9% ash this is equivalent 
to 60 pounds of digestible nutrients per 100 pounds (137). 

The method of biological assays, in which small animals as 
rabbits, guinea pigs and rats have been used in evaluating the 
forage, offers considerable promise because of the similarities in 
results obtained with sheep and cattle (260). 

Much research has been conducted in the determination of the 
chemical composition of plants (175, 274, 12, 131, 260, 188, 191, 
95, 97, 235). A number of plants have been shown to contain 
toxic substances, such as selenium (176, 85). Analyses are also 
being made in increasing numbers for carotene content (124, 273, 
168, 94). A number of studies have shown the importance of 
organic food reserves in relation to the growth and winter survival 
of grassland plants under different intensities of grazing or clipping 
(162, 163, 256). One of the objects of the U. S. Regional 
Pasture Laboratory has been to develop methods for evaluating 
herbage by chemical analysis alone without laborious digestibility 
trials (94). The process of lignification, which proceeds rapidly 
as plants mature, is a major process in decreasing the value of 
carbohydrates as food for animals, so the importance of including 
lignin in chemical analyses has been emphasized (98, 191, 260). 
The portion of the herbage that is actually consumed by livestock 
should be analyzed for its feeding value because sheep select grass 
and clover leaves in preference to stems when grazing. Since this 
is most difficult to do, Raymond (216) suggested a method of 
testing the faeces of sheep for nitrogen and ash. From this 
nitrogen content the nitrogen in the feed can be derived. 

The relative palatability of the herbage of species may be used 
to measure the effect of improvement practises, such as the intro- 
duction of new species, application of fertilizers, mowing of weeds, 
value of the various species in pasture mixtures, evaluation of new 
strains or varieties, and managerial practises. Palatability is 
affected by many factors, such as the kind of species or variety, 
density of the vegetation, exposure, stage of growth, soil fertility, 
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temperature conditions, animal habits, pure stands or mixtures, 
presence of objectionable substances as tannin in lespedeza and 
coumarin in sweet clover, presence of attractive substances as caro- 
tene and high moisture content (260, 2, 137). 

In conclusion, the measuring of weight is becoming more precise 
and useful. Fuller understanding of the comparative importance 
of the species in the grassland is resulting from refinements in 
procedure, such as movable cages, Linehan’s correction factor, 
improved estimation methods when it is necessary to use them, 
biological assays, and in chemical analyses. 


VOLUME OCCUPIED BY ORGANISMS. No particular advance has 
been noted in the use of this characteristic since the earlier publi- 
cation (115). The word “volume” is occasionally used in place of 
“weight”, especially in publications dealing with the height-weight 
relations of range plants. The term “weight” is more precise, and 
it is desirable to reserve “volume” to denote the three-dimensional 
space occupied by plants. Additional data on volume of plants 
from sample areas, in relation to data on other characteristics, are 
needed to enlarge our knowledge about grasslands. 


FREQUENCY. Frequency is concerned with the dispersion, uni- 
formity of distribution or ubiquitousness of the plants of a species 
throughout a plant community or a stand. It is measured by 
determining the presence or absence of a species in sample areas 
which are distributed as widely as possible in the stand, and the 
results are expressed in percentage, the “frequency index” or 
“percentage frequency”. ‘“‘Frequency gives considerable infor- 
mation concerning the nature of a flora, as some species with very 
low cover value have high frequency. For example, Liatris and 
Petalostemum species are colorful plants with extremely slender 
stems and leaves, hence little cover value, yet no one can deny that 
the appearance of the prairie [in Iowa] at certain seasons is de- 
pendent on their relative frequency” (4). A few ecologists had 
used this characteristic in a limited way (19, 207, 244), but 
Raunkiaer carried on extensive investigations and formulated his 
results into a generalization which has become known as 
Raunkiaer’s “Law of Frequence” (213, 214, 215). Some of the 
first to utilize Raunkiaer’s concepts in the U. S. were Gleason 
(103) and Kenoyer (141), while Hanson and Ball (117) were 
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apparently the first to apply them to grazing studies. Since these 
papers were published, a large amount of work has been done in 
the evaluation of this concept and the procedures. This discussion 
will be limited largely to some of the more recent publications. 

Frequency deterininations have been demonstrated in a number 
of papers to be of value in grazing studies (117, 119, 76, 99, 69). 
For example, on an overgrazed area in north-western New Mexico 
the effect of protection from grazing on the prevalence of pingue 
(Actinea richardsoni), a poisonous plant, was studied from 1934 
to 1942 by means of four plots, each 130 X 65 ft. in area. The 
frequency index of pingue declined on the ungrazed plot from 
100% to 53%, on the lightly grazed plot from 100 to 84, on the 
second ungrazed plot from 99 to 85, but on the heavily grazed plot 
remained unchanged at 99 (99). Andropogon provincialis had a 
frequency index of 86% on domesticated prairie in Missouri and 
100% on ungrazed prairie relics, while Andropogon scoparius had 
99% on the former and 59% on the latter, and for Sorghastrum 
nutans the figures were 98 and 57, respectively (76). 

Attempts have been made to integrate data on frequency and 
abundance. The usual estimation ratings, “sparse”, “frequent”, 
“abundant”, etc., generally involve both the degree of dispersal 
and numbers of individuals in an area. A seven-class scale, inte- 
grating dispersion, density and cover, includes the following: a) 
dominant; >) abundant; c) frequent, quite common; d) scattered, 
fairly common; e¢) occasional, uncommon; f) rare; g) very rare 
(174). The frequency-abundance index is calculated by multi- 
plying the frequency index by the average abundance (114). The 
average abundance is calculated by dividing the total number of 
individuals in the sample areas by the number of sample areas in 
which the species was present. Where the vegetation is extremely 
dense or where there is insufficient time for actual counting of all 
stalks in each sample area, the abundance may be estimated on the 
following scale for one-meter-square sample areas (30 per stand in 
mixed prairie): S = one stalk per sample area, | == 5, F = 15, 
A = 30, and VA = 100, or over. The maximum range in the 
frequency-abundance index figures is from 0.03 to 100.0. Usually 
only the chief dominants are above 50 or 60. Agropyron smithii 
by use of this method was found to have a frequency-abundance 
index of 83 in a native grassland on a mesa inaccessible to live- 
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stock in the Badlands of South Dakota, 68 on an intermittently 
used mesa, and 4 in a continuously grazed grassland. The indices 
for Bouteloua gracilis were 47, 66 and 100; for Stipa comata, 14, 
25 and 2; and for Carex eleocharis and C. pennsylvanica (not 
segregated), 72, 32 and 1.5 (151). The index figures show in a 
most illuminating manner how Agrepyron and Carex are of 
greatest importance in the original grassland and least important 
in the continuously used area, and the reverse condition for 
Boutelova. In western North Dakota Bouteloua gracilis had a 
frequency-abundance index of 100 in the Bouteloua-Stipa-Carex 
community and in the Agropyron-Bouteloua-Carex community, 
but only 3 in the Andropogon scoparius community. Indices for 
Stipa comata in these three communities were 70, 1 and 0; Agro- 
pyron smithii, 8, 100 and 3; Carex filifolia, 28, 97 and 23; and 
Andropogon scoparius, 0, 0 and 100 (122). The frequency- 
abundance index is valuable in evaluating the importance of species 
within a single stand and in different stands. 

It is well known that the frequency of a species varies on an area 
because of many influences (122, 109, 254, 264, 211). Ina 15- 


acre upland prairie near Belleville, Kans., five “pure” and six 
mixed grassland types were found in 1940 following the “frag- 
mentation” effects of the 1934-1940 drought period (286). Ina 
comparison of the vegetation on ridges and furrows in a field 
abandoned four years in Louisiana, Sorghum halepense had a 
frequency index of 0% on the ridges and 4% in the furrows; 
Paspalum conjugatum, 22% and 4% ; but with Solidago hirsutis- 


sima the 
(199). 

The areas of equal frequencies of a species may be mapped 
(202) by connecting points of equal frequency in the community 
under study by lines on a chart, so that the resulting map some- 
what resembles a contour map with centers of high frequency 
surrounded by lines of decreasing frequency. This method was 
found useful in reconstructing the history of the colonisation of 
species. Some species showed a continuity of the pattern of 
isonomes (lines connecting points of equal frequency) from one 
stage of succession to another, while other species disappeared or 
became too sparse to show patterns. 

In an Andropogon scoparius community on Long Island, N. Y., 
it was determined that 25 sample areas, each 0.25 sq. m., were 


‘sole dominant”, it made little difference, 84° and 98% 
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sufficient to study the frequency of the species (30). In the alpine 
vegetation in the Medicine Bow Mts. in Wyoming, 20 sample 
areas, 1 & 10 dem. each, were used per stand, and Arenarta 
sajanensis and Selaginella densa showed the highest frequencies, 
95% and 75%; more showy species, such as Sieversia turbinata, 
only 45% ; and Rydbergia grandiflora, while present in every stand, 
was not found in any of the total of 100 sample areas (28). 
“Plot studies serve to direct one’s attention to less attractive but 
more important plants in a community, such as Selaginella densa, 
in this case”. 

According to the “percentage-absence” method, the density of a 
species is proportional to the number of sample areas in which the 
species is absent. The “absence index” equals 1.0 minus the 
frequency index (14, 15). Ashby (8), in a critical reassessment 
of statistical ecology, stated that the “absence index” is a useful 
tool for following changes in the composition of small homogeneous 
plots (a few hundred square yards), but it is not so suitable for 
larger areas. Individuals may be randomly distributed within 
groups which are not randomly distributed, and individual plants 
may be over-dispersed but occur in groups that are randomly dis- 
tributed. He thought that the distribution of each species can be 
summarized by the four characteristics: fidelity, abundance, cover 
and frequency. The most noteworthy advance in statistical ecology 
in the 11 years preceding 1948 was the knowledge that individuals 
are not as a rule normally or randomly dispersed, and that over- 
dispersion is much more common than under-dispersion. Cole 
(51) preferred the term “contagious distribution” for empirical 
distributions of organisms, whatever the cause of departures from 
randomness, the ecological implication being that the presence of 
one or more organisms in a sample area influences the probability 
of other organisms occurring in the same sample. Blackman and 
Ashby prefer “over-dispersion” to “positive contagious distri- 
bution” and “under-dispersion” to “negative contagious distri- 
bution”. Dice (74) agrees that organisms living in nature are only 
rarely distributed at random, and concluded that the denser the 
population the higher will be the frequency, but the relationship 
between population density and the frequency index is not directly 
proportional. Preston (209), however, stated that “on the average 
there will be a definite relation between commoness [abundance] 
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and ubiquity, and it is easy to pass from one to the other”. He 
revised the boundaries of Raunkiaer’s groups as follows: A) 
2-22%, B) 22-42%, C) 42-62%, D) 62-82%, and E) 82- 
100%. He also suggested a change in Gleason's (104) statement 
on Raunkiaer’s Law. Gleason's sentence is: “Raunkiaer’s Law is 
merely the expression of the fact that in any association there are 
more species with few individuals than with many; and that the 
law is rnost apparent when quadrats are chosen of the most service- 
able size to show Frequency, and that it is obscured or lost if the 
quadrats are either too large or too small’. According to Preston 
it should read “in any association there are just as many very rare 
species as there are very common ones, but species of moderate 
abundance are vastly more numerous than either. In a small 
sample, however, there will be more species with few individuals 
than with many, because those with many are excessively common 
ones, and these species are few”. Preston also prepared a chart 
which, in comparing data, gives the transition from one size of 
sample area to another size, which is intended to meet the state- 
ment that data made with different sizes of sample areas are not 
comparable (226). 

According to Penfound (198), frequency is apparently the most 
artificial and least important of three community characteristics 
(frequency, density, cover); it has been used entirely too often 
and for too many purposes in the past two decades, and should be 
employed much less often in the future. It is hard to reconcile 
this statement with another one that an important reason for 
getting frequency data is to delineate the dispersion of a species in 
the stand. West (295) wrote that “Raunkiaer’s Frequency Index 
Method is of considerable use, . . . as a rapid and approximate 
means of determining general floristics and describing vegetation”, 
and that this is one of the four most important methods to use in 
analysis of grass veld in South Africa. 

Concluding, the distribution of the individuals of a species in a 
stand is an important community characteristic, and unless data are 
given on it the community has not been completely described. The 
frequency index has proven to be a valuable method for comparing 
different types of vegetation, different treatments of the vegetation, 
changes in the same community, the effects of micro-topography, 
and in evaluating the importance of species in different com- 
munities and at different times within the same community. 





ECOLOGY OF THE GRASSLAND 


SYNTHETIC CHARACTERISTICS 


In contrast to analytical characteristics, which are studied by 
measurements and observations directly on plants in the stand, 
synthetic characteristics are qualities of the vegetation derived 
from the data of one or more analytical characteristics from one to 
several stands. They may be considered as abstractions or gener- 
alizations, resulting from analyses and combinations of fieid data. 
The chief synthetic characteristics treated in the literature are 
presence and constancy, and fidelity (18, 183, 24), but dominance 
and density have also been included (115). It appears desirable 
to include dominance with the first two under synthetic charac- 
teristics, but density should be considered in the sense of numerical 
abundance per unit area as a quantitative analytical characteristic. 


PRESENCE AND CONSTANCY. “Presence” denotes the degree in 
which the same species occurs in different stands of the same kind 
of a plant community. The difference between “presence” and 
“constancy” is that in the latter definitely delimited areas are used, 
while in the former the only limitation on dimensions is that it 
should be at least equal to the “minimal area” (the smallest area 
which contains an adequate representation of the species occurring 
in the type). Use of uniform measured areas in each kind of 
vegetation leads to greater precision, and the data can then be 
analyzed statistically. Minimal area has been determined by use 
of the species-number: area curve, the point at which the curve 
begins to flatten, denoting the proper size to use, as ten sq. m. in 
the Caricion curvulae alliance, and 20 to 25 m. sq. in the Festuca 
halleri community. The flattening of the curve occurred with 
about 30 species in the former, and 52 in the latter (18). This 
characteristic has been widely used in Europe and to some extent 
in the U. S., although not designated as such (43, 289, 268). Its 
use is increasing. Since it is so closely related to fidelity, ad- 
ditional examples of more recent use will be given below. 


FIDELITY (GESELLSCHAFTSTREVE). “Fidelity” refers to the 
degree in which a species is restricted to a particular kind of com- 
munity. “Constancy” and “presence” deal with the occurrence of 
the same species in different stands within the same kind of com- 
munity ; “fidelity” deals with the occurrence of species in different 
kinds of communities. “Fidelity”, then, is to some extent a measure 
of the ecological amplitude of a species. More use of this character- 
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istic has been made by European ecologists (18, 184) than by the 
American, but the value of “fidelity” in community descriptions is 
being increasingly recognized (183, 24, 27, 30, 53, 115). 

The degree of constancy and fidelity can be shown by means of 
charts, such as the 57 more prevalent species in nine vegetation 
types in western North Dakota (122) where the species of low 
fidelity and considerable abundance were Agropyron smithii, Stipa 
comata and Carex filifolia, while species of high fidelity and low 
abundance were Stipa spartea, Bouteloua curtipendula and many 
forbs. In the alpine vegetation in Wyoming 16 of 32 species 
(omitting grasses and sedges) had constancy determinations of 
60% or more, and 34 out of 56 species (omitting grasses and 
sedges) had presence values of 60% or more, a dozen or more 
species being very important in this community (28). Fidelity 
may be used as “an expression of the completeness with which a 
given species is identified with a plant society” (4). Astragalus 
caryocarpus, Viola pedatifida, Hedeoma hispida and Pedicularis 
canadensis were fairly common on the upland prairies in Iowa; 
but the first two are a better criterion of the prairie than the other 
two because Hedeoma grows readily as a weed in dry soil and 
Pedicularis is a common woodland species farther east. Some- 
what rare species of high fidelity are the first to disappear when 
the prairie is disturbed and may be the most difficult to re-establish, 
“These exclusive species may well be regarded as the indicators of 
highly developed prairie; an assemblage of the typical prairie 
grasses might be considered prairie, but a truly fine prairie in- 
cludes these exclusive species”. 

Data given in various investigations (267, 277, 70, 254) can be 
used to determine degrees of presence and fidelity for communities 
in different regions, and thus the similarities and differences among 
them become readily apparent. For example, the grasslands of 
southern British Columbia resemble strongly those of eastern 
Washington, Oregon, Idaho and northern Utah (267), as indicated 
by the presence and abundance of Agropyron spicatum through- 
out the entire area and by the common occurrence of Artemisia 
tridentata, Chrysothamnus nauseosus, Balsamorhiza sagittata and 
other species. Egler (81), in order to show the relative impor- 
tance and distributional relations of species in the Berkshire 
Plateau vegetation in Massachusetts, used “presence” to designate 
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the relative occurrence of a species in the stands of a specific com- | 
munity. The stands were about five acres in area, and he classified 
the species in five classes: 90, 70, 50, 30 and 10%. This method 
and a coverage classification of four classes were used in an in- 
vestigation of the vegetation of Kerr County, Texas, in relation to 
livestock and deer. The methods and characteristics used, 
“presence” and “cover”, brought out very nicely differences in the 
composition of the vegetation of the different types and also the 
effects of overgrazing on the plant composition (22). The 
presence method was used to investigate prairie relics in Wis- 
consi over a period of more than ten years (67), in which stands 
of about four acres were used and a total of 65 in 45 townships in 
15 counties. Only 19 of the total of 237 species in the 65 relics 
occurred in 50% or more of the stands, the most common being 
Andropogon furcatus, Euphorbia corollata, Amorpha canescens, 
Solidago rigida and Coreopsis palmata. All of these 19, except 
seven, had a presence of 50% or more in 20 stations in Iowa, 
Minnesota, Illinois, Kentucky and Ohio. This uniformity ex- 
tended also to other species which occurred more rarely. The ten- 
dency of Wisconsin species to occur also in prairies in these other 
States is shown by the highly significant correlation between the 
lists of species, with a coefficient of 0.681. The term “index of 
homogeneity’’ was proposed to designate the percentage of species 
which occur in at least 50% of the stands (“constants”), expressed 
as a percentage of the total number of species in all of the stands in 
the particular vegetation type, such as low prairie. The index of 
homogeneity for the low prairie was 29.6% ; high prairie, 21.8% ; 
dry lime prairie, 26.2% ; sand prairie, 10.59% ; for the Wisconsin 
prairies as a whole (65 stations), 8% ; and for the 20 stations in 
the five-state list, 8.6%. “Preferential” species were selected from 
the “constants” (presence of 50% or more), as those with a 
presence in one type at least 10% greater than in any other type. 
For example, “preferential” species, which also showed high 
fidelity, in the low prairie were Spiraea alba, Equisetum arvense, 
Zizia aurea, Prenanthes racemosa and Thalictrum dasycarpum. 


DOMINANCE. ‘This is the characteristic of vegetation which ex- 
presses the differential development of plants in a community so 
that some are thrifty and others are mere or less suppressed in 
vigor or size. Usually the dominants are those species whose 
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influence upon the habitat and whose reactions upon other species 
“are the most controlling both in kind and amount, and thus they 
(dominants) determine the conditions under which all the remain- 
ing species are associated with them” (46). Instead of regarding 
dominance as the extent of the surface covered or the volume 
occupied by plants (18, 24, 296), it appears more appropriate to 
consider dominance as one of the synthetic characteristics because 
all of the analytical characteristics play a more or less important 
part in determining the dominance of a species. Andropogon 
furcatus is often the most important dominant in the tall grass 
prairie, for many reasons, such as forming the uppermost layer of 
herbage, deep root system, early tillering, long growing season, 
high degree of vitality, densely sodded life-form which makes it a 
most effective competitor, high degree of sociability, large number 
of stalks per unit area, almost complete foliage cover, tallness, dry 
weight of 400 to 725 grams per sq. m. indicating vigorous growth 
and good adaptation to the environment where it grows, and wide 
distribution (289). Adamson (1) concluded that dominance on 
Table Mt., South Africa, is by life-forms rather than by species, 
and that this is one of the characteristics of a very old long-estab- 
lished flora. Bromus tectorum, an annual, has become dominant 
on large areas in western U. S. (252) since 1900, due to its large 
production of seed, rapid germination of seed and rapid growth of 
roots and shoots under only fairly favorable conditions, early 
maturity, adjustment of growth and maturation to unfavorable 
conditions, and large number of plants per unit area (average of 
572 per sq. ft. in numerous counts in southern Utah). 


SUMMARY 


During the past decade or so increasing attention has been given 
to refinements in methods and procedures in the study of grass- 
land communities and to more complete characterizations of com- 
munities. Advances have been made toward standardization, but 
it is premature at the present stage of development of grassland 
ecology to expect rigid formulations of research procedures. It is 
evident in recent publications that the trend is toward selection 
and further refinement of methods which will measure as ob- 
jectively as possible the characteristics that are most significant in 
a particular investigation. For a complete analysis and description, 
all characteristics of the community require study. 





ECOLOGY OF THE GRASSLAND 


LITERATURE CITED 


. Avamson, R. 5. The plant communities of Table Mountain. II. Life- 
form, dominance, succession. Jour. Ecol. 19: 304-320. 1931. 
2. An.tcren, H. L. A comparison of methods used in evaluating the re- 
sults of pasture research. Jour. Am. Soc. Agron. 39: 240-259, 1947. 
. Anperson, K. L. A comparison of line transects and permanent 
quadrats in evaluating composition and density of pasture vegeta- 
tion in the tall prairie grass type. Jour. Am. Soc. Agron. 34: 
805-821. 1942. 
Anperson, W. A. Development of prairie at lowa Lakeside Labora- 
tory. Am. Mid. Nat. 36: 431-455. 1946. 
ArmstronG, S. F. The botanical and chemical composition of the 
herbage of pastures and meadows. Jour. Agr. Sci. 2: 283-304. 1907. 
Arny, A. C. Alfalfa and grass percentage determinations with the 
inclined point apparatus at different stages of development of the 
mixtures. Jour. Am. Soc. Agron. 36: 996-998. 1944, 

—, and Scumip, A. R. A study of the inclined point quadrat 
method of botanical analysis of pasture mixtures. Jour. Amer. Soc. 
Agron. 34: 238-247. 1942. 

. Asuay, E. Statistical ecology. II—A reassessment. Bot. Rev. 14: 
948 


value of prairie hay. Neb. Agr. Exp. Sta. Bul. 385: 1-14. 1947. 
Bates, G. H. An investigation into the cause and prevention of 
deterioration of leys. Jour. Brit. Grassl. Soc. 3: 176-184. 1948. 
Baver, H. L. The statistical analysis of chaparral and other plant 
communities by means of transect samples. Ecology 24: 45-00. 

1943. 

Berson, K. C., et al. The absorption of mineral elements by forage 
plants. I. The phosphorus, cobalt, manganese, and copper content 
of some common grasses. Jour. Am. Soc. Agron. 39: 356-362. 
1947. 

Buarucnwa, F. R., and Dave, R. N. The biological spectrum of a 
grassland association. Jour. Univ. Bombay 13: 15-17. 1944. 

BiackMaN, G. E. A study by statistical methods of the distribution 
of species in grassland associations. Ann. Bot. 49: 749-777. 1935. 

—_—_—_———. Statistical and ecological studies in the distribution of 
species in plant communities. (i) Dispersion as a factor in the 
study of changes in plant populations. Ann. Bot. 6: 351-370. 1942. 

Brake, A. K. Viability and germination of seeds and early life history 
of prairie plants. Ecol. Mono. 5: 405-460. 1935. 

7. Boorn, W. E. Revegetation of abandoned fields in Kansas and 
Oklahoma. Amer. Jour. Bot. 28: 415-422. 1941. 

Braun-Brianguet, J. Plant sociology. 439 pp. 1932. 

BrockKMANN-Jeroscu, H. Die Flora des Puschlavy und ihre Pflan- 
zengesellschaften. Die Pflanzengesellschaften der Schweizeralpen. 
1. 1907. 

Brown, R. L. and Harenricuter, A. L. Factors influencing the 
production and use of beachgrass and dunegrass clones for erosion 
control. I. Effect of date of planting. Jour. Am. Soc. Agron. 40: 
512-521. 1948. 

._——— and —— . IL. Influence of density of planting. 
Jour. Am. Soc. Agron. 40: 603-609. 1948. 

3uecHNer, H. K. The range vegetation of Kerr County, Texas, in 
relation to livestock and white-tailed deer. Am. Mid. Nat. 31: 
697-743. 1944. 

Burtt, M. F., and Wirevr, R. L.  Life-form spectra_of the hardwood 
forests of the Itasca Park region, Minnesota. Ecology 29: 352- 
359. 1948. 


dee ie a AED Big S= 
Pa So 
WE meee oe 





THE BOTANICAL REVIEW 


. Carn, S. A. Concerning certain phytosociological concepts. Ecol. 
Mono. 2: 475-508. 1932. 

——-—————._ Ecological studies of the vegetation of the Great Smoky 
Mountains. I]. The quadrat method applied to sampling spruce 
and fir forest types. Am. Mid. Nat. 16: 566-584. 1935. 

ae . The species-area curve. Am. Mid. Nat. 19: 573-581. 

———-—-. The climax and its complexities. Am. Mid. Nat. 21: 
146-181. 1939. 

————-——-. Sample-plot technique applied to alpine vegetation in 
Wyoming. Am. f ood Bot. 30: 240-248. 1943. 

—————. The characteristics of natural areas and factors in their 
development. Ecol. Mono. 17: 185-200. 1947 

--- —, etal. Andropogonetum Hempsteadii: a Long Island grass- 
land vegetation type. Am. Mid. Nat. 18: 324-350. 1937. 

Camppett, R. S., and Cassapy, J. T. Determining forage weight on 
southern forest ranges. Jour. Range Meat. 2: 30-32. 1949. 

Canrietp, R. H. Application of the line interception method in 
sampling range vegetation. Jour. For. 39: 388-394. 1941. 

-—- . Measurement of grazing use by the line interception 
method. Jour. For. 42: 192-194. 1944, 

———--, Perennial grass composition as an indicator of condition 
of southwestern mixed grass ranges. Ecology 29: 190-204. 1948. 

Carpenter, J. R. Concepts and criteria for the recognition of com- 
munities. Jour. Ecol. 24: 285-289. 1936. 

_ —-, The biome. Am. Mid. Nat. 21: 75-91. 1939. 

——. Fluctuations in biotic communities. V. Aspectation in 

a mixed-grass prairie in Central Oklahoma. Am. Mid. Nat. 22: 
420-435. 1939. 

The grassland biome. Ecol. Mono. 10: 616-684. 1940. 

———-—-. The biotic community as an object of study. Chron. Bot. 
6: 385-388. 1941. 

Crapnam, A. R. Over-dispersion in grassland communities and the 
use of statistical methods in plant ecology. Jour. Ecol. 24: 232- 
251. 1936. 

Crakk, {. Variability in growth characteristics of forage plants on 
summer range in central Utah. Jour. For. 43: 273-283. 1945 
Ciements, F. E. Plant succession. Carnegie Inst. Wash., Publ. 

242. 512 pp. 1916. 

——_———. Plant indicators. Carnegie Inst. Wash., Publ. 290. 
388 pp. 1920. 

— ——, The relict method in dynamic ecology. Jour. Ecol. 22: 
39-68. 1934, 

————. _ The origin of the desert climax and climate. Jn Essays 
in Geobotany. Univ. Calif. Press. Pp. 87-140. 193 

-~—-—-—-—-. Nature and structure of the climax. Jour. Ecol. 24: 

252-284. 1936. 

——_—_—-. Cycles and climaxes. Chron. Bot. 7: 241-243. 1942. 

—————, and Suerrorp, V. E. Bioecology. 425 pp. 1939 

——, ¢f al. Plant competition. Carnegie Inst. Wash., Publ. 
398. 340 pp. 1929. 

Cockayne. L. Notes on ecological field work in New Zealand. In 
Tansley and Chipp, Aims and methods in the study of vegetation. 
Pp. 274-282. 1926. 

Corr, LaMont C. A theory for analyzing contagiously distributed 
populations. Ecology 27: 329-341. 1946. oa 

Couturns, R. W., and Hurtt, L. C. A method for measuring utili- 
zation of bluestem wheat-grass on experimental range pastures. 
Ecology 24: 123-125. 1943. 





ECOLOGY OF THE GRASSLAND 351 


. Conarp, H. S. The plant associations of Central Long Island. Am. 
Mid. Nat. 16: 433-516. 1935. 


Plant associations on land. Am. Mid. Nat. 21: 1-27. 


1939. 
. Coox, C. W., et al. Measuring the nutritive content of a foraging 
sheep’s diet under range conditions. Jour. An. Sci. 7: 170-180. 


1948 


. Cornetrus, D. R., and Arxins, M. D. Grass establishment and 
development studies in Morton County, Kansas. Ecology 27: 

342-352. 1946. 

. Cory, V. L. Methods of determining forage preferences of stock. 
Ecology 11: 760-763. 1930, 

. Cosretto, D. F. Natural revegetation of abandoned plowed land in 
the mixed prairie association of northeastern Colorado. Ecology 

25: 312-326. 1944. 

, and Kurppte, G. F. Sampling intensity in vegetation sur- 
veys made by the square-foot density method. Jour. Am. Soc. 
Agron. 31: 800-810. 1939. 

oo , and Price, R. Weather and plant-development data as 
determinants of grazing periods on mountain range. U. S. Dept. 

Agr., Tech. Bul. 686: 1-30. 1939, 

. Crappocx, G. W., and Forstinc, C. I. The influence of climate and 

grazing on spring-fall sheep range in Southern Idaho. 5 

Dept. Agr., Tech. Bul. 600: 1-42. 1938. 

. Crarts, E. C. Height-volume distribution in range grasses. Jour. 
For. 36: 1182-1185. 1938. 

. Crampton, E. W., and Jackson, I. R. C. Seasonal variation in 

chemical composition of pasture herbage and the relation to its 

digestibility by steers and sheep. Jour. An. Sci. 4: 333-339. 1944. 

. Crocker, R. L., and Tiver, N. S. Survey methods in grassland 
ecology. Jour. Brit. Grassl. Soc. 3: 1-26. 1948. 

. Currey, M. A densimeter, an instrument for measuring the density 
of ground cover. Ecology 19: 588-590. 1938. 

. Curriz, J. R. The economics of ley farming. Jour. Brit. Grassl. Soc. 

3: 27-34. 1948. 


7. Currts, J. T., and Greene, H.C. A study of relic Wisconsin prairies 


by the species-presence method. Ecology 30: 83-92. 1949. 
DarLtanp, R. W., and Weaver, J. E. Yields and consumption of 
forage in three pasture types: an ecological analysis. Univ. Nebr., 
Cons. & Surv. Div., Bul. 27. 1945. 
Daurenmire, R. F. Exclosure technique in ecology. Ecology 21: 
514-515. 1940. | 
———, and Corwett, W. E. Some edaphic changes due to over: 
grazing in the Agropyron-Poa prairie of southeastern Washington. 
Ecology 23: 32-40. 1942. 
Davies, W. Methods of pasture analysis and fodder sampling. Welsh 
Pl. Breed. Sta., Rep. 1. 1931. 
—_——__—-. The history of pasture analysis. Methods of pasture 
analysis. Agr. Prog. 10: 3-9. 1933. 
Dice, L. R. Measures of the amount of ecologic association between 
species. Ecology 26: 297-302. 3 
—. Relationship between frequency index and population 
density. Ecology 29: 389-391. 1948. 
. Drew, W. B. Studies on the use of the point quadrat method of 
botanical analysis of mixed pasture vegetation. Jour. Agr. Res. 
69: 289-297. 1944. 3 
—. Floristic composition of grazed and wungrazed prairie 
vegetation in Northcentral Missouri. Ecology 28: 26-41. 1947. 
. Du Rrerz, G. E. Vegetationsforschung auf soziationsanal ischer 
Grundlage. Handb. Biol. Arbeitsm. Abt. 11, Teil 5: 29. . 1930. 





THE BOTANICAL REVIEW 


DyKSTERHUIS, J. The vegetation of the Fort Worth Prairie. 
Ecol. Mono. the 1-29, 1946, 

————-—-—, The vegetation of the Western Cross Timbers. Ecol. 
Mono. 18: 326-376. 1948. 

Eccteton, F. E. Fresh-water communities. Am. Mid. Nat. 21: 
56-74. 1939, 

Ecrer, F. E. Berkshire plateau vegetation, Massachusetts. Ecol. 
Mono. 10: 145-192. 1940. 

E.uisox, L. A comparison of methods of quadratting short-grass 
vegetation. Jour. Agr. Res. 64: 595-614. 1942. 

ErpMann, M. H., and Harrison, C. M. The influence of domestic 
eons and redtop upon the growth of Kentucky bluegrass and 

cwing’s fescue in lawn and turf mixtures. Jour. Am. Soc. Agron. 
39: 682-689. 1947, 

Erickson, L. C. The effect of alfalfa seed size and depth of seeding 
upon the subsequent procurement of stand. Jour. Am. Soc. Agron. 
38: 964-973. 1946. 

Evans, E. T. R., and Evans, W. C. Studies on the biochemistry of 
pasture plants. II. The pharmacological properties of certain 
pasture plant juices and their possible significance in the aetiology 
of some disorders of the grazing animal. Jour. Brit. Grassl. Soc. 
3: 249-261. 1948. 

Fautin, R. W. Biotic communities of the northern desert shrub 
biome in western Utah. Ecol. Mono. 16: 251-310. 1946. 

--———. Some biotic communities of the desert in western Utah. 
Colo.-Wyo. Acad. Sci. Jour. 3: 52-53. 1948. 

Fenton, E. W. The botanical survey of grasslands in the South and 
East of Scotland. Jour. Ecol. 19: 392-409. 1931 

_— . The point quadrat method. Agr. Prog. 10: 238-242. 
1933. 

——--——. An apparatus for the point method of pasture analysis. 
Rep. 3rd Grassl. Conf. North & Cent. Eu. Countries, Zurich-Oelikon : 
215-221. 1934. 

Fiory, E. L., and Trussect, D. F. Observation of plant competition, 
plant succession, plant-soil relationships, overgrazing and erosion on 
sagebrush areas. Soil Cons. Serv. Reg. (8) Bul. 24: Ser. 
Mimeo. 1938. 

Foures, E. W., et al. Experiments with annual crops and permanent 
pastures to provide grazing for dairy cows in the sandhill region 
of the Southeast. U. S. Dept. Agr., Tech. Bul. 805: 1-41. 1941. 

Fracker, S. B., and Briscuiet, H. A. Measuring the local distri- 
bution of Ribes. Ecology 25: 283-303. 1944. 

——_- , et al. Improving pastures and grasslands for the north- 
eastern States at the United States Regional Pasture Research 
Laboratory. U. S. Dept. Agr., Misc. Publ. 590: 1-29. 1945. 

Fraps, G. S., and Fupce, J. F. Chemical composition of sixty-four 
species of range pasture grasses grown on a Victoria clay loam 
soil. Jour. Am. Soc. Agron. 37: 251-258. 1945 

Friscuknecut, N. C., and Prummer, A. P. A simplified technique 
for determining herbage production on range and pasture land. 
Agron. Jour. 41: 63-65. 1949. 

Funce, J. F., and Fraps, G. S. The chemical composition of forage 
grasses from the Gulf coast prairie as related to soils and to re- 
quirements for range cattle. Tex. Agr. Exp. Sta., Bul. 644: 1-39. 
1944. 

Gareer, R. J., et al. Pastures and pasture problems in northeastern 
States. Pa. Agr. Exp. Sta., Bul. 485: 1-44. 1946 

Garpner, J. L., and Huesett, D. S. Some vegetational responses after 
eight years ‘of protection for grazing. Ecology 24: 409-410. 1943. 





ECOLOGY OF THE GRASSLAND 353 


. Garricus, W. P., and Rusu, H. P. Some effects of the species and 

stage of maturity of plants on the forage consumption of grazing 

steers of various weights. Ill. Agr. Exp, Sta. Bul. 454. 1939. 

. Gist, G. R., and Smrrn, R. M. Root development of several common 

forage grasses to a depth of eighteen inches. Jour. Am. Soc. Agron. 

40: 1036-1942. 1948. 

. Greason, H. A. The structure and development of the plant asso- 

ciation. Bul. Torrey Bot. Club 44: 463-481. 1917. 

———————. Some applications of the quadrat method. Bul. Torrey 
Bot. Club. 47: 21-34 1920. 

—————. The significance of Raunkiaer's Law of Frequency. 
Ecology 10: 406-408. 1929. 

——————. The individualistic concept of the plant association. Am. 
Mid. Nat. 21: 92-110. 1939. 

. Goon, R. The geography of the flowering plants. 403 pp. 1947. 

. Granam, E. H. Natural principles of land use. 274 pp. 1944, 

. Harenricnter, A. L. Getting new range plants into practise. Jour. 

Range Res. 1: 9-18. 1948. 

. Hanson, H.C. A study of the vegetation of northeastern Arizona. 
Univ. Nebr. Stud. 24: 85-175. 1924. 

———_———. Analysis of seeding mixtures and resulting stands in 
irrigated pastures of northern Colorado. Jour. Am. Soc. Agron. 
21: 650-659. 1929. 

——_———-. Improvement of sagebrush range in Colorado. Colo. 
Agr. Exp. Sta., Bul. 356: 1-12. 1929 

——_———._ Intensity of grazing in relation to proximity to isolation 
transects. Ecology 10: 343-346. 1929. 

Factors influencing the establishment of irrigated - 
_— in Y miumeee Colorado. Colo. Agr. Exp. Sta., Bul. 8: 
1-53. 1931. 

—————. A comparison of methods of botanical analysis of the 

native prairie in western North Dakota. Jour. Agr. Res. 49: 

815-842. 1934. 

— . Ecology of the grassland. Bot. Rev. 4: 51-82. 1938. 

— . The agroclimatic-analogue (homoclime) technique in plant 

introduction and distribution of new selections. Agron. Jour. 41: 

186-188. 1949. 

— , and Batt, W. S. An application of Raunkiaer’s Law of 
Frequency to grazing studies. Ecology 9: 467-473. 1928. 

—__—_—.,, and Love, L. D. Size of list quadrat for use in deter- 
mining the effects of different systems of grazing upon Agropyron 
smithit mixed prairie. Jour. Agr. Res. 41: 549-590. 1930. 

, and Love, L. D. Comparison of methods of quadratting. 
Ecology 11: 734-748. 1930. 


20. —— , et al. Effects of different systems of grazing by cattle 


upon a western wheat-grass type of range. Colo. Agr. Exp. Sta., 
Bul. 377: 1-82. 1931. 


western North Dakota. Ecology 18: 516-522. 1937. 

— , and Wurrman, W. Characteristics of major grassland 
types in western North Dakota. Ecol. Mono. 8: 57-114, 1938. 
23. Hanson, W. R., and Sroppart, L. A. Effects of grazing upon bunch 
wheat grass. Jour. Am. Soc. Agron. 32: 278-289. 1940. 


24. Hatuaway, I. L., et al. Carotene content of native Nebraska 


grasses. Nebr. Agr Exp. Sta, Bul. 140: 1-15. 1945. 
. Haynes, J. L. Effects of pasture practises on root distribution. Jour. 
Am. Soc. Agron. 35: 10-18. 1943. 


6. Haywarp, C. L. Biotic communities of the Wasatch chaparral, Utah. 


Ecol. Mono. 18: 473-506. 1948 








THE BOTANICAL REVIEW 


Hoiscner, C.E. The effects of clipping bluestem wheatgrass and blue 
— at different heights and frequencies. Ecology 26: 148-156. 

Hott, E..C., and Davies, R. L. Differential response of Arlington 
and Norbeck bent grasses to kinds and rates of fertilizer. Jour. 
Am. Soc. Agron. 46: 282-284. 1948. 

Hormay, A. L. Getting better records of vegetation changes with 
the line interception method. Jour. Range Mat. 2: 67-69. 1949. 

Howe, G. M. Agro-climatic analogues. Nature 4103: 983. 1948. 

Hurrman, C. F., et al. Soils, crops, minerals, animals. U. S. Dept. 
Agr., Yearbook 1948: 81-86. 1948. 

Huu, A. C, Jr. and Stewart, G. Replacing cheatgrass by reseed- 
ing with perennial grass on southern Idaho ranges. Jour. Amer. 
Soc. Agron. 40: 694-703. 1948. 

Iverson, J. Biologische Pflanzentypen als Hilfsmitte! in der Vegeta- 
tionsforschung. 224 pp. 1936. 

. Jenxin, T. J. Pasture studies; some results. Univ. Col. North 

Wales, Bangor. 58 pp. 1919. 

. a. L. An instrument for list charting. Ecology 8: 282-283. 

1927. 

. Jounstone-Watiace, D. B., and Kennepy, K. Grazing manage- 

ment practises and their relationship to the behaviour and grazing 

habits of cattle. Jour. Agr. Sci. 34: 190-197. 1944 

. Joint Committee. Preliminary report on pasture investigations 
technique. Jour. Dairy Sci. 26: 353-369. 1943. 

Katz, N. J. Zur Kenntnis der Niedermoore im Norden des Moskauer 
Gouvernements. Rep. Spec. Nov. Reg. Veg. Beitr. z. Systematik 
u. Pflanzengeog. VI. 1929. 

Ketter, W. Designs and technic for the adaptation of controlled 
competition to forage plant breeding. Jour. Am. Soc. Agron. 
38: 580-588. 1946. 

, et al. New grass-legume pasture mixtures are high pro- 
ducers. Farm & Home Sci. 8: 516-518. 1947. 

Kenoyver, L. A. A_ study of Raunkiaer’s Law of Frequence. 
Ecology 8: 341-347. 1927. 

KerNoHAN, J. T. Grassland output on a County Down farm. Jour. 
Brit. Grassl. Soc. 2: 73-81. 1947. 

Kipper, R. W. A proposed method of measuring pasture yields with 
grazing cattle. ate An. Sci. 5: 187-193. 1946. 

Kincaw, C. M., et al. Some factors that influence the production of 
steers from pasture. Jour. An. Sci. 4: 164-173. 1945. 

Kriaces, K. H. W. Ecological crop geography. 615 pp. 1942. 

Knorr, J. C., et al. Methods of measuring pasture yields with dairy 
cattle. Wash. Agr. Exp. Sta. Bul. 295. 1934. 

Kreizincer, E. J., et al. Reaction of mountain brome and Canada 
wildrye strains to head smut (Ustilago bullata). Jour. Agr. Res. 
75: 105-111. 1947. 

Kiicuter, A. W. A geographic system of vegetation. Geog. Rev. 37: 
233-240. 1947. 

_——-.--. A new vegetation map of Manchuria. Ecology 29: 513- 
516. 1948. 

Lanc, R. and Barnes, O. K. Range forage production in relation 
to time and frequency of harvesting. Wyo. Agr. Exp. Sta. Bul. 
253. 1942. 

Larsox, F., and Waitman, W. A comparison of used and unused 
grassland mesas in the Badlands of South Dakota. Ecology 23: 
438-445. 1942. 

Lawrence, W. E. Some ecotypic relations of Deschampsia caespitosa. 
Am. Jour. Bot. 32: 298-314. 1945 





ECOLOGY OF THE GRASSLAND 355 


. Levy, E. B. The grasslands of New Zealand. N. Z. Jour. Agr. 34: 


147-148. 1927. 


. Linenan, P. A. and Lowe, J. The output of weet and its measure- 


ment. I, Jour. Brit. Grassl. Soc. 1: 1--29. 


, et al. The output of pasture and its measurement. II. 
Jour. Brit. Grassl. Soc. 2: 145-168. 1947. 


. Lippmaa, T. The unistratal concept of plant communities. Am. Mid. 


Nat. 21: 110-145. 1939. 


. Lister, P. B., and Scuumacner, F. X. The influence of rainfall 


upon tuft area and height growth of three semidesert range grasses 
in southern Arizona. Jour. Agr. Res. 54: 109-121. 1937. 


. Lommasson, T., and Jensen, C. Grass volume tables la: determining 


range utilization. Science 87: 444. 1938 





and — . Determining utilization of range grasses 
from height-weight tables. Jour. For. 41: 589-593, 1943. 
Love, L. D., and Hanson, H. C. Life history and habits of crested 
wheat grass. Jour. Agr. Res. 45: 371-383. 1932. 


. Lueck, A. G,, et al. The effects of a companion crop and depth of 


planting on the establishment of smooth brome grass, Bromus 
imermis Leyss. Agron. Jour. 41: 137-140. 1949. 


. McCarty, E. C. The relation of growth to the varying carbohydrate 


i in mountain brome. . S. Dept. Agr., Tech. Bul. 598 
1-24. 38. 

—, and Pricer, R. Growth and carbohydrate content of im- 
portant mountain forage plants in central Utah as affected by 
clipping and grazing. U. S. t. Agr., Tech. Bul. 818. 1942. 


. McGrinnies, W. G. The quadrat. Jour. For. 28: 23-27. 1930. 


. The relation between frequency | index and abundance 
as applied to plant populations in a semi-arid region. Ecology 
15: 263-282. 1934. 


6. McHenry, J. R., and Newent, L. C. Influence of some perennial 


grasses on the organic matter content and structure of an eastern 
Nebraska fine-textured soil. Jour. Am. Soc. Agron. 39: 981-994. 
1947. 





and . Residual effect of some perennial grasses 
on the structure of an eastern Nebraska fine-textured soil. Jour. 
Am. Soc. Agron. 41: 76-78. 1949. 


. McMuten, W. N., et al. Chemical composition, grazing value and 


vegetative changes ot herbage in a typical plains pasture. Jour. 
An. Sci. 3: 237-243. 1943. 


. Matmsten, H. E. Combination of list and chart quadrat methods for 


grazing studies. Ecology 11: 749-751. 1930. 


. Maxrmov, N. A. Physiologisch-dkologische Untersuchungen tiber die 


Diirrerisistenz der Xerophyten. Jahrb. Wiss. Bot. 62. 1923. 
The plant in relation to water. 451 pp. 1929. 


72. Moore, R. M., et al. Grazing management: continuous and rotational 


176. 


grazing by Merino sheep. Austral. Counc. Sci. & Ind. Res., Bul. 
201: 1-104. 1946. 


. Morcan, A., and Beruiosen, E. T. Sampling technique as applied 


to irrigated pasture in regard to botanical composition and carry- 
ing capacity under different grazing systems. Jour. Agr., Victoria, 
Austral. 29: 36-45. 1931. 

Moss, E. H. and Camprett, J. A. Fescue grassland of Alberta. 
Canad. Jour. Res., C, 25: 209-227. 1947. 


. Moxon, A. L., et al. Growth of steers on seleniferous range. Jour. 


An. Sci. 3: 299-309. 1944 : ; ; 
Muir, W. R. Pasture herbage as a causal factor in animal disease: 
a review. Jour. Brit. Grassl. Soc. 3: 229-247. 1948. 





THE BOTANICAL REVIEW 


Mutter, C. H. Vegetation and climate of Coahuila, Mexico. 
Madrofio 9: 33-57. 1947. 

Murrny, R. P., and Anny, AC. The emergence of grass and legume 
seedlings planted at different depths in five soil types. Jour. Am. 
Soc. Agron. 31: 17-28. 1939. 

Murray, S. M., and Grover, P. Some practical points regarding 
the detailed botanical anal sis of grass-veld or other pastures by 
the list quadrat method. Jour. Ecol. 23: 536-539. 1935. 

Musser, H. B. Effects of soil acidity and available phosphorus on 
population changes in mixed Kentucky bluegrass-bent turf. Jour. 
Am. Soc. Agron. 40: 614-620. 1948. 

Netson, E. W. The influence of precipitation and grazing upon 
black grama grass range. U. S. Dept. Agr., Tech. Bul. 409. 1934. 

Nevens, W. B. A comparison of sampling procedures in making 
pasture yield determinations. Jour. Dairy Sci. 28: 171-185. 1945. 

Nicnors, G. E. Methods in the floristic study of vegetation. Ecology 
Wi: 127-135. 1930. 

Noruacen, R. Die Vegetation und Flora des Sylenegebietes. 1927. 

Nowosap, F. S., and Stevenson, T. M. The relative value of certain 
grass-legume mixtures for hay and pasture in short-term rotations. 
Sci. Agr. 27: 86-96. 1947. 

Nutronson, M. Y. Agroclimatology and crop ecology of the Ukraine 
and climatic analogues in North America. Geog. Rev. 37: 216- 
232. 1947. 

. Ormsten, C. E. Growth and development in range grasses. V. 

Photoperiodic responses of clonal divisions of three latitudinal 

strains of side-oats grama. Bot. Gaz. 106: 382-401. 1945 

. Orr, J. B. Minerals in pasture and their relation to animal nutrition. 

150 pp. 1929. 

. Ostvatp, H. Die Vegetation des Hochmoores Komosse. 436 pp. 
1923. 

Parker, K. W., and Savace, D. A. Reliability of the line interception 
method in measuring vegetation on the southern Great Plains. Jour. 
Am. Soc. Agron. 36: 97-110. 1944. 

Patton, A. R., and Gresexer, L. Seasonal changes in the lignin and 
cellulose content of some Montana grasses. Jour. An. Sci. 1: 
22-26. 1942. 

Pav_ycHENKO, T. K. Quantitative study of the entire root system of 
—_ and crop plants under field conditions. Ecology 18: 602-79. 
1937. 

————-. The soil-block washing method in quantitative root 
study. Canad. Jour. Res., C, 15: 33-57. 1937. 

Pearse, K. An area-list method of measuring range plant populations. 
Ecology 16: 573-579. 1935. 

Pecuanec, J. F. Comments on the stem-count method of determining 
the percentage utilization of ranges. Ecology 17: 329-331. 1936. 
———-—. Sampling errors in range surveys of sagebrush-grass 

vegetation. Jour. For. 39: 52-54. 1941. 

—————, and Picxrorp, G. D. A weight-estimate method for the 
determination of range or pasture production. Jour. Am. Soc. 
Agron. 29: 894-904, 1937. 

Penrounp, W. T. A_ study of phytosociological relationships by 
means of aggregations of colored cards. Ecology 26: 38-57. 1945. 

———-——. A phytosociological analysis of a goldenrod community 
near Kenner, Louisiana. Ecology 29: 124-125. 1948. 

———-——-, and Howarp, J. A. A _ phytosociological analysis of an 
evergreen oak forest in the vicinity of New Orleans, Louisiana. 
Am. Mid. Nat. 23: 165-174. 1940. 





ECOLOGY OF THE GRASSLAND 357 


Peterson, M. L., and Loomis, W. E. Effects of photoperiod and 
temperature on growth and flowering of Kentucky bluegrass. PI. 
Phys. 24: 31-43. 1949, 

Pinceon, I. M., and Asuey, E. A new quantitative method of analysis 
of plant communities Austral. Jour. Sci. 5: 19-21. 1942. 

Pinck, L. A., and Atutson, F. E. The effect of nitrogen application 
upon the weight and nitrogen content of the roots of Sudan grass. 
Jour. Am. Soc. Agron. 39: 634-637. 1947. 

PiumMer, A. P. The germination and early seedling Se of 
12 range grasses. Jour. Am. Soc. Agron. 35: 19-33 3. 

Pouutt, R. The effect of age on the yielding a of leys coooget 
for grass drying. Jour. Brit. Grassl. Soc. 2: 119-126. 1 

Potya, G. Sur quelques points de la théorie des Srobebilites "Ann. 
Inst. Henri Poincaré 1: 117-162. 1931. 

wes ™D, R., and Crements, F. E. Phytogeography of Nebraska. 


2 PP. 1898 

Pain [M-concentration as a general biological problem]. Sbor, 
Ceské Akad. Zem. 18: 1-7. 1944, 

Preston, F. W. The commonness and rarity of species. Ecology 29: 
254-283. 1948. 


10. Ramatey, F. Xerophytic grasslands at different altitudes in Colorado. 


Bul. Torrey Bot. Club 46: 37-52. 1919. 

_————.. Vegetation of the San Luis Valley in southern Colorado. 
Univ. Colo. s D, 1: 231-277. 1942. 

RamMensky, L.G. Zur Methodik der vergleichenden Bearbeitung und 
Ordnung von Pflanzenlisten. Beitr. Biol. Pflanz. 18. 1930. 

3. Raunktaer, C. Formationsundersdégelse og Formationstatistik. Bot. 
Tidskr. 30: 20-80. 1909. 

——_————._ Recherches statistiques sur les formations végétales. Kgl. 
Danske Vidensk. Selskab. Biol. Meddel. i. 3. 1918. 

_ . The life-forms of plants and statistical plant geography, 
being collected papers of C. Raunkiaer. 632 pp. 1934. 

Raymonp, W. F. Evaluation of herbage for grazing. Nature 161: 
937-938. 1948. 

Rem, E. H., and Picxroro, G. D. A comparison of the ocular- 
estimate- by- plot and the stubble-height methods of determining 
percentage utilization of range grasses. Jour. For. 39: 935-941. 
1941. 


——_—_—-—— and ——————. An appraisal of range survey methods. 
Jour. ee. 42: 471-479. 1944. 

—_——_———- and —— . Judging mountain meadow-range condi- 
tion in eastern Oregon and eastern Washington. U. S. Dept. Agr., 
Cire. 748: 1-31. 1946. 

Ruoap, A. O., and Carr, R. B. Measuring production capacity of 
pastures through maintenance studies with mature steers. 

Dept. Agr., Tech. Bul. 890: 1-20. 1945. 
. Rozertson, J. H_ A quantitative study of true-prairie vegetation after 
three years of extreme drought. Ecol. Mono. 9: 431-492. 1939. 


2. —— . Responses of range grasses to different intensities of 


competition with sagebrush (Artemisia tridentata Nutt.). Ecology 

28: 1-16. 1947. 

3. ———_——, and Pearse, C. K. Artificial reseeding and the closed 

community. Northwest Sci. 19: 58-66. 194 

. Ror, R. Preliminary survey of the natural pastures of the New 
England District of New South Wales and a general discussion of 
their problems. Austral. Council Sci. & Ind. Res., Bul. 210: 1- 
26. 1947. 

Rocier, G. A. Cultivated grasses for pastures. U. S. Dept. Agr., 
Yearbook 1948: 491-495, 1948. 





sm ys 


wa rr erp 





THE BOTANICAL REVIEW 


Romett, L. G. Comments on Raunkiaer’s and similar methods of 
vegetation analysis and the law of frequency. Ecology 11: 589- 
596. 1930. 

Riiwet, E. Geobotanische Untersuchungsmethoden. 290 pp. 1922. 

The present state of geobotanical research in Switzerland. 


In Proc. Int. Cong. Pl. Sei., Ithaca, Vol. 1: 603-621. 1929. 


Satissury, E. J. The standardization of descriptions of plant com- 
munities. Jour. Ecol. 19: 177-189. 1931. 

Sampson, A. W. Range and pasture management. 421 pp. 1923. 

—————, and Maimsren, H. E. Grazing periods and forage pro- 
duction on the national forests. U.S. Dept. Agr., Bul. 1405. 1926. 

Sarvis, J. T. Composition and density of the native vegetation in 
the vicinity of the Northern Great Plains Field Station. Jour. 
Agr. Res. 19: 63-72. 1920. 

—-—————-. Grazing investigations on the northern Great Plains. 
N. D. Agr. Exp. Sta., Bul. 308. 1941. 

Savace, D. A. The line-transect method, an improved method of 
studying native range vegetation. U.S. Dept. Agr., Mimeo. 1940. 

——, and Heiter, V. G. Nutritional qualities of range forage 
plants in relation to grazing with beef cattle on the southern plains 
experimental range. U.S. Dept. Agr., Tech. Bul. 943: 1-61. 1947. 

Suantz, H. L. A study of the vegetation of the mesa region east 
= Pike’s Peak: the Bouteloua formation. Bot. Gaz. 42: 16-47. 
906. 

——, and Premerser, R. L. Fungus fairy rings in eastern 
Colorado and their effect on vegetation. Jour. Agr. Res. 11: 
191--246. 1917. 

Snoemaker, D. A. A proposed revision of standards for determining 
density of herbaceous plant cover. Jour. For. 30: 1012-1013. 1932. 

Snort, L. R. Reseeding to increase the yield of Montana range lands. 
U. S. Dept. Agr., Farm. Bul. 1924: 1-25. 1943. 

Sureve, F. The edge of the desert. Asso. Pac. Coast Geog., Year- 
book 6: 6-11. 1940. 

Smitn, A. D. A study of the reliability of range vegetation esti- 
mates. Ecology 25: 441-448. 

Spracur, H. B. Root development of perennial grasses and its rela- 
tion to soil conditions. Soil Sci. 36: 189-209. 19353. 

~ ~—~-, and Myers, W. M. A comparative study of methods for 
determining yields of Kentucky blue grass and white clover when 
grown in association. Jour. Am. Soc. Agron. 37: 370-377. 1945. 

Staptepon, R. G. Pasture problems: drought resistance. Jour. Agr. 
Sci. S$: 129-151. 1912. 

———-—-—-, The precise value and application of the Aberystwyth 
and other strains of herbage plants. Jour. Brit. Grass]. Soc. 2: 
113-118. 1947. 

————-———, and Davirs, W. The grassland map of England and 
Wales. Jour. Min. Agr. 48: 1941. 

— , and Jones, M. G. The sheep as a grazing animal and as 
an instrument for estimating the productivity of pastures. Welsh 
Pl. Breed. Sta.. H, No. 5: 42-54. 1927. 

——-~——,, and Wueexer, D. E. An experiment to test the influence 
of date and depth of sowing on four of the chief grasses and on 
white clover. , nll Brit. Grassl. Soc. 3: 263-272. 1948. 

Sresrer, F. G., and Scuroter, C. Versuch einer Ubersicht uber die 
Wiesentypen der Schweitz. Landwirt. Jahrb. Schweitz. 6. 1892. 
Sreicer, T. L. Structure of prairie vegetation. Ecology 11: 170- . 

217. 1930. 

Srewart. G., et al. Influence of unrestricted grazing on northern 
salt desert plant associations in western Utah. Jour. Agr Res. 
69: 289-316. 1949 





ECOLOGY OF THE GRASSLAND 359 


- aa, and Hurt, A. C. Cheatgrass (Bromus tectorum L.)— 
an ecologic intruder in southern Idaho. Ecology 30: 58-74. 1949. 


3 —--—-——, and Hutcuines, S. S. The  point-observation-plot 


59. Stroreckecer, J. H., and Kivenper, 


(square-foot density) method of vegetation survey. Jour. Am. 
Soc. Agron. 28: 714-722. 1936. 

. Sroppart, L. A. The palouse grassland association in northern Utah. 
Ecology 22: 158-163. 1941. 

—————. Range land of America and some research on its man- 
amnee. Fourth Ann. Fac. Res. Lect., Utah State Agr. Col. 32 
pp. . 

———-——-. Some physical and chemical responses of Agropyron 

spicatum to herbage removal at various seasons. Utah Agr. Exp. 

Sta., Bul. 324: 1-24. 1946, 

——. Seeding arid ranges to grass with tH reference to 

precipitation. Utah Agr. ‘_ Sta., Cire. 122: 1-29. 1946. 

, and Sairu, A. D. ——e management. 547 pp. 1943. 
NV. A. The hydraulic method of 
excavating root systems of Prante. Ecology 19: 355-369. 1938. 
. Suruivan, J. T., and Conenals R. J. Chemical composition of pasture 
os with some reference to a dietary needs of grazing animals. 
a. Agr. Exp. Sta., Bul. 489: 1-61. 1947. 
. Tatsot, M. W. Indicators of southwestern range conditions. U. S. 
Dept. Agr., Farm. Bul. 1782. 1937. 


262. Tanstey, A. G., and Curr, T. F. Aims and methods in the study 


of vegetation. 383 pp. 1926. 


. Tuarp, B. C, and Murer, C. H. A rapid method for excavating 
root systems of native plants. Ecology 21: 347-350. 1940 


4. — —. The mesa region of Texas: an ecological study. Texas 


Acad. Sci., Proc. & Trans. 27: 81-91. 1944. 

. THomson, J. W. Relic prairie areas in central Wisconsin. Ecol. 
Mono. 10: 685-717. 1940. 

. Trnney, F. W., et al. Preliminary report of a study of methods used 


in botanical analyses of pasture swards. Jour. Am. Soc. Agron. 
29: 835-840. 1937. 


267. TispaLte, E. W. The grasslands of the  aaiecaie interior of British 
. 194 


Columbia. Ecology 28: 346-382 


. Transeau, E. N. The prairie peninsula. Ecology 16: 423-437. 1935. 
. Van Dersat, W. R. The ecology of a lawn. Ecology 17: 515-527. 
1936. 
. Van Horn, A. G., and Dawson, J. R. Improvement of. pastures for 
dairy cattle in Middle Tennessee. U. S. Dept. Agr., Circ. 786: 1- 
21. 1948. 
. Vestat, A. G. Unequal scales for rating species in communities. 
Am. Jour. Bot. 30: 305-310. 1943. 
—————., and Heermans, M. F. Size requirements for reference 
areas in mixed forest. Ecology 26: 122-134. 1945 
. Watkins, W. E. Nonprotein and carotene as an index of plant 
activity in range forage. Jour. Agr. Res. 75: 63-69. 1947. 
. Watson, J. A. S. Science and the farmer. Jour. Min. Agr., 54: 1- 
9. 1947. 
. Watt, A. S. Pattern and process in the plant community. Jour. 
Ecol. 35: 1-22. 1947. 
. Weaver, J. E. A study of the root systems of prairie plants of 
southeastern Washington. Pl. World 18: 227-248, 273-292. 1915. 
; . A study of the vegetation of southeastern Washington 
and adjacent Idaho. Univ. Nebr. Stud. 17: 1917. 
——_————._ The ecological relations of roots. Carnegie Inst. Wash., 
Publ. 286. 128 pp. 1919. ; 
——-. Root development in the grassland formation. Carnegie 
Inst. Wash., Publ. 292. 151 pp. 1920. 





THE BOTANICAL REVIEW 


-————. Investigations on the root habits of plants. Am. Jo 
Bot. 12: 502-509. 1925. ‘ 

—-. Root development of field crops. 290 pp. 1926. 

—, and Atsertson, F. W. Resurvey of grasses, forbs, and 
underground plant parts at the end of the great drought. Ecol. 
Mono. 13: 63-117. 1943. 

—— and -——-—-——. Nature and degree of recovery of grass- 

land from the great drought of 1933 to 1944. Ecol. Mono. 14: 
393-479. 1944. 

——_——-, and Bruner, W. E. Prairies and pastures of the dissected 
loess plains of central Nebraska. Ecol. Mono. 18: 507-549. 1948. 

sor and Crements, F. E. Plant ecology. 2nd Ed. 601 pp. 
938. 

——————-, and Dar._anp, R. W. Grassland patterns in 1940. Ecology 
25: 202-215. 1944. 

—_ and ———_———. A method of measuring vigor in range 
grasses. Ecology 28: 146-162. 1947. 

and Changes in vegetation and production of 
forage resulting from grazing lowland prairie. Ecology 29: 1-29. 
1948. 

———————, and Fitzpatricx, T. J. The prairie. Ecol. Mono. 4: 
109-295. 1934. 

, and Houcen, V. H. Effect of frequent clipping on plant 
production in prairie and pasture. Am. Mid. Nat. 21: 396414. 
1939. 

——————, ef al. Changes in true-prairie vegetation during a drought 
determined by list quadrats. Ecology 21: 357-362. 1940 

Wesster, C. B. Meritorious crop in war or peace, Rescue grass. So. 
Seedsman 7: 11, 51. 1944. 

Wetcn, J. S. The management of irrigated pastures. Idaho Agr. 
Exp. Sta., Bul. 95. 1917. 

West, C., et al. Methods and significant relations in the quantitative 
analysis of plant growth. New Fhyt. 19: 200-207. 1920. 

West, O. An investigation of the methods of botanical analysis of 
pasture. So. Afr. Jour. Sci. 33: 501-559. 1937 

Westnorr, V. The vegetation of dunes and salt marshes on the 
Dutch islands of Terschelling, Vlieland, and Teal. 131 pp. 1947. 

Wattman, W., et al. Pasture grasses and pasture mixtures for east- 
ern North Dakota. N. D. Agr. Exp. Sta., Bul. 327: 1-24. 1943. 

, and Hanson, H. C. Vegetation on scoria and clay buttes 
in western North Dakota. Ecology 20: 455-457. 1939. 

, et al. Relation of drouth and grazing to North Dakota 
range lands. N. D. Agr. Exp. Sta., Bul. 320: 1-29. 1943. 

—__—_—., ¢t al. Natural revegetation of abandoned fields in western 
North Dakota. N. D. Agr. Exp. Sta. Bul. 321. 1943. 

Writrams, C. B. Some applications of the logarithmic series and 
index of diversity to ecological problems. Jour. Ecol. 32: 1-44. 
1944, 

Wustr, C. P., and Sxory, J. Self-fertility of erect and pasture-type 
alfalfa clones as related to the vigor and fertility of their inbred 
and outcrossed progenies. Jour. Am. Soc. Agron. 40: 786-794. 
1948. 

Woopwarp, T. E. The quantities of grass that dairy cattle will graze. 
Jour. Dairy Sci. 19: 347-357. 1936. 

Wricnrt, J. C., and Wricnt, E. A. Grassland types of south central 
Montana. Ecology 29: 449-460. 1948. 





& E 


S38 8% 


< 
a 
~ 





8 
'w 











TRIARCH BOTANICAL PRODUCTS 


Fine Microscope Slides for Critical Botanists 
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Nothing can take the place of a good microscope slide in 
botany instruction, especially to show clearly that structure 
is a basis for function. However, the slide must be good, 
even though it is not perfect. If the slide can be beautiful as 
well as clear, it becomes a fine piece of teaching equipment. 


TRIARCH slides, we believe, embody these points more 
completely than any other slides on the market, as we stain 
them regularly with our famous quadruple combination of 
safranin, crystal violet, fast green and gold orange, unexcelled 
for tissue differentiation. Also, as we stain all sections by the 
same schedule, our slides give you comparative checks on age 
and development of tissues. Many cytological points are 
emphasized by Triarch stain, and host-parasite relations are 
clearly demonstrated in pathological tissues. 


Increasing numbers of botanists are realizing the teaching 
value of Triarch slides, together with the convenience of 
Triarch accuracy and prompt service, as evidenced by the 
fact that we are now shipping out more than 10,000 slides 
per month. Over 650 colleges and universities in 19 different 
countries are now counted among our customers. 


If you are not already one of our patrons, send for our current 
catalog, No. 7, which lists over 350 regular catalog items, 
heavily stocked, together with many supplementary struc- 
tures for special orders. 


* a * * * 


Geo. H. Conant 


Triarch Botanical Products :-: Ripon, Wisconsin 

















AN INTRODUCTION TO THE EMBRYOLOGY OF 
ANGIOSPERMS 


By P. Manesuwant, University of Delhi. McGraw-Hul Publications 
im the Botanical Sciences. In press. 


An authoritative text and reference book on plant embryology, this volume 
gives an up-to-date account of the embryology of angiosperms in the widest 

sense, covering not only the embryo and endosperm, but also the develop- 
ment of the male and female gametophytes and the process of fertilization. 
The author shows that modern embryology is not a mere narration of facts 
but a rapidly advancing science having many contacts with other fields 
such as cytology, genetics, systematic botany, and physiology. 


PLANT PATHOLOGY 
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the latter progressing from the simpler forms, like bacteria, to the parasitic 
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BOTANY. Principles and Problems. 
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A simple, clear and concise treatment that stimulates the student’s interest 
and fosters a critical, scientific approach to the subject. Among the features 
of the book are the treatment of the plant as a functioning structure; the 
applications of botanical theory to agricultural problems; and the wealth 
of stimulating questions. 
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DoszHansky, Columbia University. McGraw-Hill Publications in the 

Botanical Sciences. 510 pages, $5.00. 
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population genetics and speciation, mechanisms of genic effects on develop- 
ment, race formation, and the study of microorganisms with regard to the 
action of genes. 
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